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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention pertains to therapeutic compositions 
for protecting and resuscitating mammalian cells. In one 
embodiment, the therapeutic composition comprises (a) 
pyruvate, (b) an antioxidant, and (c) a mixture of satu- 
rated and unsaturated fatty acids. This invention also 
pertains to methods for preparing and using the thera- 
peutic compositions and the topical and ingestible phar- 
maceutical products in which the therapeutic 
compositions may be used. 

2. Description of the Prior Art 

Mammalian cells are continuously exposed to acti- 
vated oxygen species such as superoxide (0 2 ), hydro- 
gen peroxide (HfeOg), hydroxyl radical (OH*), and 
singlet oxygen ( 1 02). In vivo, these reactive oxygen 
intermediates are generated by cells in response to aer- 
obic metabolism, catabolism of drugs and other xenobi- 
otics, ultraviolet and x-ray radiation, and the respiratory 
burst of phagocytic ceils (such as white blood cells) to 
kill invading bacteria. Hydrogen peroxide, for example, 
is produced during respiration of most living organisms 
especially by stressed and injured cells. 

These active oxygen species can injure cells. An 
important example of such damage is lipid peroxidation 
which involves the oxidative degradation of unsaturated 
lipids. Lipid peroxidation is highly detrimental to mem- 
brane structure and function and can cause numerous 
cytopathological effects. Cells defend against lipid per- 
oxidation by producing radical scavengers such as 
superoxide dismutase, catalase, and peroxidase. 
Injured cells have a decreased ability to produce radical 
scavengers. Excess hydrogen peroxide can react with 
DNA to cause backbone breakage, produce mutations, 
and alter and liberate bases. Hydrogen peroxide can 
also react with pyrimidines to open the 5, 6-double 
bond, which reaction inhibits the ability of pyrimidines to 
hydrogen bond to complementary bases, Hallaender et 
ah (1971). Such oxidative biochemical injury can result 
in the loss of cellular membrane integrity, reduced 
enzyme activity, changes in transport kinetics, changes 
in membrane lipid content, and leakage of potassium 
ions, amino acids, and other cellular material. 

The production of reactive oxygen intermediates 
has been suggested to cause many skin, tissue, and 
organ disorders such as atherosclerosis, arthritis, cyto- 
toxicity, skin inflammation, photoaging, wrinkling, actinic 
keratosis, tumor formation, cancer, hypertension, Par- 
kinson's disease, lung disease, and heart disease. The 
role of active oxygen radicals in promoting tumors has 
been proposed based on the findings that (a) tumor pro- 
moters increase the level of oxygen radicals, (b) many 
free radical generating systems promote tumors, and 



(c) certain antioxidants inhibit the biochemical effects of 
tumor promoters. 

In vitro, reactive oxygen intermediates can be gen- 
erated in cellular culture media by autooxidation and 

5 photooxidation of media components. During excision 
and storage, transplant organs can suffer oxidative inju- 
ries which result in the loss of cellular membrane integ- 
rity and shorten the usable life of the organ. 

When cells are stressed by oxidative injury, a resus- 

10 citation step is necessary to recondition the cells. Anti- 
oxidants have been shown to inhibit damage associated 
with active oxygen species. For example, pyruvate and 
other a/pfta-ketoacids have been reported to react rap- 
idly and stoichiometrically with hydrogen peroxide to 

75 protect cells from cytolytic effects, O'Donnell-Tormey et 
aL J. Exp. Med.. 165. pp. 500-514 (1987). 

United States patents nos. 3,920,835, 3,984,556, 
and 3,988,470, all issued to Van Scott et aL disclose 
methods for treating acne, dandruff, and palmar kerato- 

20 sis, respectively, which consist of applying to the 
affected area a topical composition comprising from 
about 1% to about 20% of a lower aliphatic compound 
containing from two to six carbon atoms selected from 
the group consisting of a/p/ia-hydroxyacids, alpha- 

25 ketoacids and esters thereof, and 3-hydraxybutryic acid 
in a pharmaceutical^ acceptable carrier. The aliphatic 
compounds include pyruvic acid and lactic acid. 

United States patents nos. 4,105,783 and 
4,197,316, both issued to Yu et aL disclose a method 

30 and composition, respectively, for treating dry skin 
which consists of applying to the affected area a topical 
composition comprising from about 1 % to about 20% of 
a compound selected from the group consisting of 
amides and ammonium salts of a/p/ra-hydroxyacids, 

35 bete-hydroxyacids, and afcfta-ketoacids in a pharma- 
ceutical^ acceptable carrier. The compounds include 
the amides and ammonium salts of pyruvic acid and lac- 
tic acid. 

United States patent no. 4,234,599. issued to Van 
to Scott etaL discloses a method for treating actinic and 
nonactinic skin keratoses which consists of applying to 
the affected area a topical composition comprising an 
effective amount of a compound selected from the 
group consisting of a/p/?a-hydroxyacids, befa-hydroxy- 
45 acids, and a/pfia-ketoacids in a pharmaceutical^ 
acceptable carrier. The acidic compounds include pyru- 
vic acid and lactic acid. 

United States patent no. 4,294,852, issued to Wild- 
nauer et aL. discloses a composition for treating skin 
so which comprises the a/p/?a-hydroxyacids, beta- 
hydroxyacids, and a/pfta-ketoacids disclosed above by 
Van Scott etal. in combination with C3-C 8 aliphatic alco- 
hols. 

United States patent no. 4,663,166, issued to 
55 Veech. discloses an electrolyte solution which com- 
prises a mixture of L-iactate and pyruvate in a ratio from 
20:1 to 1:1, respectively, or a mixture of D-beta- 
hydroxybutyrate and acetoacetate, in a ratio from 6:1 to 
0.5:1, respectively. 
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Sodium pyruvate has been reported to reduce the 
number of erosions, ulcers, and hemorrhages on the 
gastric mucosa in guinea pigs and rats caused by ace- 
tylsalicylic acid. The analgesic and antipyretic proper- 
ties of acetylsalicylic acid were not impaired by sodium 
pyruvate, Puschmann. Arzneimittelforschunq. 33. pp. 
410-415 and 415-416 (1983). 

Pyruvate has been reported to exert a positive ino- 
tropic effect in stunned myocardum, which is a pro- 
longed ventricular dysfunction following brief periods of 
coronary artery occlusions which does not produce irre- 
versible damage, Merflzgr et aL Ann. Sura.. 2Q& pp. 
629-633(1989). 

Pyruvate has been reported to produce a relative 
stabilization of left ventricular pressure and work param- 
eter and to reduce the size of infarctions. Pyruvate 
improves resumption of spontaneous beating of the 
heart and restoration of normal rates and pressure 
development, Bunaer et aL J. Mol. Cell. CardioL 18. 
pp. 423-438 (1986), Mochizuki et aL J. Phvsiol. (Paris). 
76. pp. 805-812 (1980), Recife etaL Cardiovasc. Res.. 
15. pp. 652-658 (1981). Giannelli et aL Ann. TTrcrac, 

SUTXU. 21 PP. 386-396 (1976). 

Sodium pyruvate has been reported to act as an 
antagonist to cyanide intoxif ication (presumably through 
the formation of a cyanohydrin) and to protect against 
the lethal effects of sodium sulfide and to retard the 
onset and development of functional, morphological, 
and biochemical measures of acrylamide neuropathy of 
axons, Schwartz etaL Toxicol. Appl. Pharmacol.. 50, 
pp. 437-442 (1979), SafrietaL Brain Reg., 4S.PP-1- 
11 (1989). 

A chemotherapeutic cure of advanced L1210 leuke- 
mia has been reported using sodium pyruvate to restore 
abnormally deformed red blood cells to normal. The 
deformed red blood cells prevented adequate drug 
delivery to tumor cells, Cohen. Cancer Chemother. 
Pharmacol.. 5, pp. 175-179 (1981). 

Primary cultures of heterotopic tracheal transplant 
exposed in vivo to 7, 12<Nmethytbenz(a)anthracene 
were reported to be successfully maintained in enrich- 
ment medium supplemented with sodium pyruvate 
along with cultures of interleukin-2 stimulated peripheral 
Wood lymphocytes, and plasmacytomas and hybrrdo- 
mas, pig embryos, and human blastocysts, Shacter. ^ 
Immunol. Methods. 99, PP- 259-270 (1987), Marchok et 
aL Cancer Reg,, 3L PP 1811-1821 (1977), Davis. J, 
Reprod. Fertil. SuppL 33. pp. 1 15-124 (1985). Okamoto 
eUL No To Shinkei. 38, pp. 593-598 (1986), Cohen et 
iL J. In Vitro Fert. Embryo Transfer. 2, pp. 59-64 
(1985). 

United States patents nos. 4,158,057, 4,351,835, 
4,415,576, and 4.645,764, all issued to Stanko. disclose 
methods for preventing the accumulation of fat in the 
liver of a mammal due to the ingestion of alcohol, for 
controlling weight in a mammal, for inhibiting body fat 
while increasing protein concentration in a mammal, 
and for controlling the deposition of body fat in a living 
being, respectively. The methods comprise administer- 



ing to the mammal a therapeutic mixture of pyruvate 
and dihydroxyacetone, and optionally riboflavin. United 
States patent no. 4,548,937, issued to Stanko. dis- 
closes a method for controlling the weight gain of a 
5 mammal which comprises administering to th mammal 
a therapeutically effective amount of pyruvate, and 
optionally riboflavin. United States patent no. 
4,812,479, issued to Stanko. discloses a method for 
controlling the weight gain of a mammal which com- 
10 prises administering to the mammal a therapeutically 
effective amount of dihydroxyacetone, and optionally 
riboflavin and pyruvate. 

Rats fed a calcium-oxalate lithogenic diet including 
sodium pyruvate were reported to develop fewer urinary 
15 calculi (stones) than control rats not given sodium pyru- 
vate, Oqawa et aL Hinyokika Kiya 32. PP 1341-1347 
(1986). 

United States patent no. 4,521,375, issued to 
Houlsbv. discloses a method for sterilizing surfaces 
20 which come into contact with living tissue. The method 
comprises sterilizing the surface with aqueous hydro- 
gen peroxide and then neutralizing the surface with 
pyruvic acid. 

United States patent no. 4,416,982, issued to 
25 Tauda et aL discloses a method for decomposing 
hydrogen peroxide by reacting the hydrogen peroxide 
with a phenol or aniline derivative in the presence of 
peroxidase. 

United States patent no. 4,696,917, issued to Lind- 
30 strom etaL discloses an irrigation solution which com- 
prises Eagle's Minimum Essential Medium with Earle's 
salts, chondroitin sulfate, a buffer solution, 2-mercap- 
toethartol, and a pyruvate. The irrigation solution may 
optionally contain ascorbic acid and a/p/ia-tocopherol. 
35 United States patent no. 4,725,586, issued to tindstrom 
etaL discloses an irrigation solution which comprises a 
balanced salt solution, chondroitin sulfate, a buffer solu- 
tion, 2-mercaptoethanol, sodium bicarbonate or dex- 
trose, a pyruvate, a sodium phosphate buffer system, 
40 and cystine. The irrigation solution may optionally con- 
tain ascorbic acid and gamma-tocopherol. 

United States patent no. 3,887,702 issued to Bald- 
win, discloses a composition for treating fingernails and 
toenails which consists essentially of soybean oil or 
45 sunflower oil in combination with Vitamin E. 

United States patent no. 4,847,069, issued to Bis- 
sett etaL discloses a photoprotective composition com- 
prising (a) a sorbohydroxamic acid, (b) an anti- 
inflammatory agent selected from steroidal anti-inf lam- 
50 matory agents and a natural anti-inflammatory agent, 
and (c) a topical carrier. Fatty acids may be present as 
an emollient United States patent no. 4,847,071, 
issued to BissettetaL discloses a photoprotective com- 
position comprising (a) a tocopherol or tocopherol ester 
55 radical scavenger, (b) an anti-inflammatory agent 
selected from steroidal anti-inflammatory agents and a 
natural anti-inflammatory agent and (c) a topical car- 
rier United States patent no. 4,847,072, issued to Bis- 
sett et at. discloses a topical composition comprising 
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not more than 25% tocopherol sorbate in a topical car- 
rier. 

United States patent no. 4,533.637, issued to 
Yamane et aL discloses a culture medium which com- 
prises a carbon source, a nucleic acid source precursor, s 
amino acids, vitamins, minerals, a lipophilic nutrient, 
and serum albumin, and cyclodextrins. The lipophilic 
substances include unsaturated fatty acids and 
lipophilic vitamins such as Vitamin A, D, and E. Ascorbic 
acid may also be present. 10 

United Kingdom patent application no. 2,196,348A, 
to Kovar et aL discloses a synthetic culture medium 
which comprises inorganic salts, monosaccharides, 
amino acids, vitamins, buffering agents, and optionally 
sodium pyruvate adding magnesium hydroxide or mag- is 
nesium oxide to the emulsion. The oil phase may 
include chicken fat. 

United States patent no. 4,284,630, issued to Yuet 
aL discloses a method for stabilizing a water-in-oil 
emulsion which comprises adding magnesium hydrax- 20 
ide or magnesium oxide to the emulsion. The oil phase 
may include chicken fat 

Preparation-H has been reported to increase the 
rate of wound healing in artificially created rectal ulcers. 
The active ingredients in Preparation-H are skin respira- 25 
tory factor and shark oil, Snhraman vam et aL Digestive 
nibses and Sciences; 2£ PP- 829-832 (1984). 

The addition of sodium pyruvate to bacterial and 
yeast systems has been reported to inhibit hydrogen 
peroxide production, enhance growth, and protect the 30 
systems against the toxicity of reactive oxygen interme- 
diates. The optimum ratio of unsaturated to saturated 
fatty acids contained within chicken fat enhanced mem- 
brane repair and reduced cytotoxicity. The antioxidants 
glutathione and thioglycollate reduced the injury 35 
induced by oxygen radical species, Martin. Ph.D. thesis. 
(1987-89). 

While the above therapeutic compositions are 
reported to inhibit the production of reactive oxygen 
intermediates, none of the above compositions are 40 
entirely satisfactory. None of the compositions has the 
ability to simultaneously decrease cellular levels of 
hydrogen peroxide production, increase cellular resist- 
ance to cytotoxic agents, increase rates of cellular pro- 
liferation, and increase cellular viability to protect and 45 
resuscitate mammalian cells. The present invention pro- 
vides such improved therapeutic compositions without 
the disadvantages characteristic of previously known 
compositions. This invention also relates to methods for 
preparing and using the therapeutic compositions and so 
the topical and ingestible pharmaceutical products in 
which the therapeutic compositions may be used. 

SUMMARY OF THE INVENTION 

55 

The present invention provides compositions and 
processes as defined in claims 1 to 26 

The present invention pertains to therapeutic com- 
positions for preventing and reducing injury to mamma- 



lian cells and increasing the resuscitation rate of injured 
mammalian cells. The therapeutic compositions com- 
prise (a) pyruvate selected from the group consisting of 
pyruvic acid, pharmaceutical^ acceptable salts of pyru- 
vic acid, and mixtures thereof, (b) an antioxidant, and (c) 
a mixture of saturated and unsaturated fatty acids 
wherein the fatty acids are those fatty acids required for 
the resuscitation of injured mammalian cells. 

The therapeutic compositions may be utilized in a 
wide variety of topical and ingestible pharmaceutical 
products. This invention also relates to methods for pre- 
paring and using the therapeutic compositions and the 
topical and ingestible pharmaceutical products in which 
the therapeutic compositions may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts in bar graph format the viability 
of U937 monocytic cells following exposure of the cells 
to various antioxidants (Examples 1 -5). 

FIGURE 2 depicts in bar graph format the viability 
of U937 monocytic cells following exposure of the cells 
to various combinations of antioxidants (Examples 6- 
13). 

FIGURE 3 depicts in bar graph format the levels of 
hydrogen peroxide produced by U937 monocytic cells 
following exposure of the cells to various antioxidants 
(Examples 14-18). 

FIGURE 4 depicts in bar graph format the levels of 
hydrogen peroxide produced by U937 monocytic cells 
following exposure of the cells to various combinations 
of antioxidants (Examples 19-26). 

FIGURE S depicts in bar graph format the levels of 
hydrogen peroxide produced by U937 monocytic cells 
following exposure of the cells to various combinations 
of antioxidants with and without a mixture of saturated 
and unsaturated fatty acids (Examples 27-32). 

FIGURE 6 depicts in bar graph format the levels of 
hydrogen peroxide produced by epidermal keratinoc- 
ytes following exposure of the cells to various antioxi- 
dants with and without a mixture of saturated and 
unsaturated fatty acids (Examples 33-42). 

FIGURE 7 depicts in bar graph format the levels of 
hydrogen peroxide produced by epidermal keratinoc- 
ytes following exposure of the cells to various combina- 
tions of antioxidants with and without a mixture of 
saturated and unsaturated fatty acids (Examples 43- 
52). 

DETAILED DESCRIPTION OF THE INVENTION 

Applicant has discovered therapeutic compositions 
for preventing and reducing injury to mammalian cells 
and increasing the resuscitation rate of injured mamma- 
lian cells. Cells treated with the therapeutic composi- 
tions of the present invention show decreased levels of 
hydrogen peroxide production, increased resistance to 
cytotoxic agents, increased rates of proliferation, and 
increased viability. Cellular cultures containing the ther- 
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apeutic compositions showed enhanced differentiation 
and proliferation over control cultures and rapidly 
formed attachments or tight junctions between the cells 
to form an epidermal sheet. 

The term Injured ceir as used herein means a cell s 
which has (a) injured membranes so that transport 
through the membranes is diminished resulting in an 
increase in toxins and normal cellular wastes inside the 
cell and a decrease in nutrients and other components 
necessary for cellular repair inside the cell, (b) an 10 
increase in concentration of oxygen radicals inside the 
cell because of the decreased ability of the cell to pro- 
duce antioxidants and enzymes, and (c) damaged DNA, 
RNA, and ribosomes which must be repaired or 
replaced before normal cellular functions can be 75 
resumed. The term "resuscitation" of injured mamma- 
lian cells as used herein means the reversal of cytotox- 
icity, the stabilization of the cellular membrane, an 
increase in the proliferation rate of the cell, and/or the 
normalization of cellular functions such as the secretion 20 
of growth factors, hormones, and the like. The term 
"cytotoxicity'' as used herein means a condition caused 
by a cytotoxic agent that injures the cell. Injured cells do 
not proliferate because injured cells expend all energy 
on cellular repair. Aiding cellular repair promotes cellu- 2s 
lar proliferation. 

Epidermal keratinocytic cells and monocytic cells 
have multiple oxygen generating mechanisms and the 
degree to which each type of mechanism functions dif- 
fers in each type of cell. In monocytes, for example, the 30 
respiratory bursting process is more pronounced than in 
epidermal keratinocytes. Hence, the components in the 
therapeutic compositions of the present invention may 
vary depending upon the types of cells involved in the 
condition being treated. 35 

The therapeutic composition for treating mamma- 
lian cells, preferably epidermal keratinocytes, com- 
prises (a) pyruvate, (b) an antioxidant, and (c) a mixture 
of saturated and unsaturated fatty acids. 

While not wishing to be bound by theory, applicant 40 
believes that pyruvate can be transported inside a cell 
where it can act as an antioxidant to neutralize oxygen 
radicals in the cell. Pyruvate can also be used inside the 
cell in the citric acid cycle to provide energy to increase 
cellular viability, and as a precursor in the synthesis of 45 
important biomolecules to promote cellular proliferation. 
In addition, pyruvate can be used in the multifunction 
oxidase system to reverse cytotoxicity. Antioxidants, 
especially lipid-soluble antioxidants, can be absorbed 
into the cell membrane to neutralize oxygen radicals so 
and thereby protect the membrane. The combination of 
pyruvate inside the cell and an antioxidant in the cellular 
membrane functions in a synergistic manner to reduce 
hydrogen peroxide production in the cell to levels lower 
than can be achieved by use of either type of compo- 55 
nent alone. 

The saturated and unsaturated fatty acids in the 
present invention are those fatty acids required for the 
resuscitation of mammalian cells. Hence, the fatty acids 



in the therapeutic composition ar readily available for 
the repair of injured cells. Cells injured by oxygen radi- 
cals need to produce unsaturated fatty acids to repair 
cellular membranes. However, the production of unsatu- 
rated fatty acids by cells requires oxygen. Thus, the 
injured cell needs high levels of oxygen to produce 
unsaturated fatty acids and at the same time needs to 
reduce the level of oxygen within the cell to reduce oxi- 
dative injury. By providing the cell with the unsaturated 
fatty acids needed for repair, the need of the cell for 
unsaturated fatty acids is reduced and the need for high 
oxygen levels is also reduced. The presence of mixtures 
of saturated and unsaturated fatty acids in the therapeu- 
tic composition significantly enhances the ability of 
pyruvate and the antioxidant to inhibit reactive oxygen 
production. By stabilizing the cellular membrane, 
unsaturated fatty acids also improve membrane func- 
tion and enhance pyruvate transport into the ceil. 
Hence, the three components in the therapeutic compo- 
sition function together in a synergistic manner to pre- 
vent and reduce injury to mammalian cells and increase 
the resuscitation rate of injured mammalian cells. 

Accordingly, the combination of ingredients set out 
above functions together in an enhanced manner to 
prevent and reduce injury to mammalian cells and 
increase the resuscitation rate of injured mammalian 
cells. The therapeutic effect of the combination of the 
components in each of the above embodiments is mark- 
edly greater than that expected by the mere addition of 
the individual therapeutic components. Hence, appli- 
cant's therapeutic compositions for treating mammalian 
cells have the ability to decrease intracellular levels of 
hydrogen peroxide production, increase cellular resist- 
ance to cytotoxic agents, increase rates of cellular pro- 
liferation, and increase cellular viability. 

The cells which may be treated with the therapeutic 
compositions in the present invention are mammalian 
cells. Although applicant will describe the present thera- 
peutic compositions as useful for treating mammalian 
epidermal keratinocytes and mammalian monocytes, 
applicant contemplates that all mammalian cells which 
may be protected or resuscitated by applicant's thera- 
peutic compositions may be used in the present inven- 
tion. Keratinocytes are representative of normal 
mammalian cells and are the fastest proliferating cells in 
the body. The correlation between the reaction of kerat- 
inocytes to injury and therapy and that of mammalian 
cells in general is very high. Monocytes are representa- 
tive of specialized mammalian cells such as the white 
blood cells in the immune system and the organ cells in 
liver, kidney, heart, and brain. The mammalian cells may 
be treated in vivo and in vitro. 

Epidermal keratinocytes are the specialized epithe- 
lial cells of the epidermis which synthesize keratin, a 
selenoprotein which is the principal constituent of epi- 
dermis, hair, nails, horny tissue, and the organic matrix 
of the enamel of teeth. Mammalian epidermal keratino- 
cytes constitute about 95% of the epidermal cells and 
together with melanocytes form the binary system of the 
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epidermis. In its various successive stages, epidermal 
keratinocytes are also known as basal cells, prickle 
cells, and granular cells. 

Monocytes are mononuclear phagocytic leukocytes 
which undergo respiratory bursting and are involved in 5 
reactive oxygen mediated damage within the epidermis. 
Leukocytes are white blood cells or corpuscles which 
may be classified into two main groups: granular leuko- 
cytes (granulocytes) which are leukocytes with abun- 
dant granules in the cytoplasm and nongranular 10 
leukocytes (nongranulocytes) which are leukocytes 
without specific granules in the cytoplasm and which 
include the lymphocytes and monocytes. Phagocyte 
cells are cells which ingest microorganisms or other 
cells and foreign particles. Monocytes are also known 15 
as large mononuclear leukocytes, and hyaline or transi- 
tional leukocytes. 

Pyruvic acid (2-oxopropanoic acid, alpha- 
ketopropionic acid, CH 3 COCOOH) or pyruvate is a fun- 
damental intermediate in protein and carbohydrate 20 
metabolism and in the citric acid cycle. The citric add 
cycle (tricarboxylic acid cycle, Krebs cycle) is the major 
reaction sequence which executes the reduction of oxy- 
gen to generate adenosine triphosphate (ATP) by oxi- 
dizing organic compounds in respiring tissues to 25 
provide electrons to the transport system. Acetyl coen- 
zyme A ("active acetyl") is oxidized in this process and 
is thereafter utilized in a variety of biological processes 
and is a precursor in the biosynthesis of many fatty 
acids and sterols. The two major sources of acetyl 30 
coenzyme A are derived from the metabolism of glu- 
cose and fatty acids: Glycolysis consists of a series of 
transformations wherein each glucose molecule is 
transformed in the cellular cytoplasm into two molecules 
of pyruvic acid. Pyruvic acid may then enter the mito- 35 
chondria where it is oxidized by coenzyme A in the pres- 
ence of enzymes and cofactors to acetyl coenzyme A. 
Acetyl coenzyme A can then enter the citric acid cycle. 

In muscle, pyruvic acid (derived from glycogen) is 
reduced to lactic acid during exertion. Lactic acid is 40 
reoxidized and partially retransformed to glycogen dur- 
ing rest. Pyruvate can also act as an antioxidant to neu- 
tralize oxygen radicals in the cell and can be used in the 
multifunction oxidase system to reverse cytotoxicity. 

The pyruvate in the present invention may be 45 
selected from the group consisting of pyruvic acid, phar- 
maceutically acceptable salts of pyruvic acid, and mix- 
tures thereof. In general, the pharmaceutical^ 
acceptable salts of pyruvic acid may be alkali salts and 
alkaline earth salts. Preferably, the pyruvate is selected so 
from the group consisting of pyruvic acid, lithium pyru- 
vate, sodium pyruvate, potassium pyruvate, magnesium 
pyruvate, calcium pyruvate, zinc pyruvate, manganese 
pyruvate, and mixtures thereof. More preferably, the 
pyruvate is selected from the group of salts consisting of 55 
sodium pyruvate, potassium pyruvate, magnesium 
pyruvate, calcium pyruvate, zinc pyruvate, manganese 
pyruvate, and mixtures thereof. Most preferably, the 
pyruvate is sodium pyruvate. 



The amount of pyruvate present in the therapeutic 
compositions of the present invention is a therapeuti- 
cally effective amount. A therapeutically effective 
amount of pyruvate is that amount of pyruvate neces- 
sary to prevent and reduce injury to mammalian cells 
and increase the resuscitation rate of injured mamma- 
lian cells. The exact amount of pyruvate is a matter of 
preference subject to such factors as the type of condi- 
tion being treated as well as the other ingredients in the 
composition. In a preferred embodiment, pyruvate is 
present in the therapeutic composition in an amount 
from about 10% to about 50%, preferably from about 
20% to about 45%, and more preferably from about 
25% to about 40%, by weight of the therapeutic compo- 
sition. 

Antioxidants are substances which inhibit oxidation 
or suppress reactions promoted by oxygen or perox- 
ides. Antioxidants, especially lipid-solubie antioxidants, 
can be absorbed into the cellular membrane to neutral- 
ize oxygen radicals and thereby protect the membrane. 
The antioxidants useful in the present invention may be 
selected from the group consisting of Vitamin A (retinol), 
Vitamin A2 (3, 4-didehydroretinol), all forms of carotene 
such as a/pna-carotene, tefa-carotene {beta, beta-car- 
otene), gamma-carotene, cfe/fa-^rotene, Vitamin C 
(ascorbic acid, L-ascorbic acid), all forms of tocopherol 
such as Vitamin E (a/p/ra-tocopherol, 3,4-dihydro- 
2,5,7,8-tetramethyl-2-(4 f 8 ,1 2-trimethyrtridecyl)-2H-1 - 
benzopyran-6-ol), befa-tocopherd, gam/na-tocopherol, 
and rfetfa-tccopherbl, and. mixtures thereof. Preferably, 
the antioxidant is selected from the group of lipid-solu- 
trfe antioxidants consisting of Vitamin A, tete-carotene. 
Vitamin E, and mixtures thereof. More preferably; the 
antioxidant is Vitamin E. 

The amount of antioxidant present in the therapeu- 
tic compositions of the present invention is a therapeuti- 
cally effective amount. A therapeutically effective 
amount of antioxidant is that amount of antioxidant nec- 
essary to prevent and reduce injury to mammalian cells 
and increase the resuscitation rate of injured mamma- 
lian cells. The exact amount of antioxidant is a matter of 
preference subject to such factors as the type of condi- 
tion being treated as well as the other ingredients in the 
composition. In a preferred embodiment, the antioxidant 
is present in the therapeutic composition in an amount 
from about 10% to about 50%, preferably from about 
20% to about 45%, and more preferably from about 
25% to about 40%, by weight of the therapeutic compo- 
sition. 

The mixture of saturated and unsaturated fatty 
acids in the present invention are those fatty acids 
required for the repair of mammalian cellular mem- 
branes. Hence, the fatty acids are readily incorporated 
into the ceil and are immediately available for the repair 
of injured cells. By providing the cell with the unsatu- 
rated fatty acids needed for repair, the need of the cell 
for unsaturated fatty acids is reduced and the need for 
high oxygen levels is also reduced. Accordingly the 
presence of the mixtures of saturated and unsaturated 
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fatty acids in the therapeutic compositions significantly 
enhances the ability of pyruvate, lactate, and the anti- 
oxidant to inhibit reactive oxygen production. 

Fatty acids are carboxylic acid compounds found in 
animal and vegetable fat and oil. Fatty acids are ciassi- s 
fied as lipids and are composed of chains of alky! 
groups containing from 4 to 22 carbon atoms and 0-3 
double bonds and characterized by a terminal carboxyl 
group, -COOK Fatty acids may be saturated or unsatu- 
rated and may be solid, semisolid, or liquid. The most 11 
common saturated fatty acids are butyric acid (C 4 ), lau- 
ric acid (C 12 ). palmitic acid (C 16 ), and stearic acid (C 18 ). 
Unsaturated fatty acids are usually derived from vegeta- 
bles and consist of alkyl chains containing from 16 to 22 
carbon atoms and 0-3 double bonds with the character- n 
istic terminal carboxyl group. The most common unsatu- 
rated fatty acids are oleic acid, linoleic acid, and 
linolenic acid (all C 18 acids). 

In general, the mixture of saturated and unsatu- 
rated fatty acids required for the r&pajr of mammalian 20 
cellular membranes in the present invention may be 
derived from animal fats and waxes. Cells produce the 
chemical components and the energy required for cellu- 
lar viability and store excess energy in the form of fat 
Fat is adipose tissue stored between organs of the body 2s 
to furnish a reserve supply of energy. The preferred ani- 
mal fats and waxes have a fatty acid composition similar 
to that of human fat and the fat contained in human 
breast milk. The preferred animal fats and waxes may 
be selected from the group consisting of human fat, 30 
chicken fat cow fat (defined herein as a bovine domes- 
tic animal regardless of sex or age), sheep fat horse tat 
pig fat, and whale fat The more preferred animal fats 
and waxes may be selected from the group consisting of 
human fat and chicken fat The most preferred animal 35 
fat is human fat. Mixtures of other fats and waxes, such 
as vegetable waxes and synthetic waxes, which have a 
fatty acid composition similar to that of animal fats and 
waxes, and preferably to that of human fats and waxes, 
may also be employed. The mixture of saturated and 40 
unsaturated fatty acids may also be derived from shark 
liver oil. 

In a preferred embodiment, the mixture of saturated 
and unsaturated fatty acids has a composition similar to 
that of human fat and comprises the following fatty 45 
acids: butyric acid, caproic acid, caprylic acid, capric 
acid, lauric add, myristic acid, myristoleic acid, palmitic 
acid, palmitoleic acid, stearic, oleic acid, linoleic acid, 
linolenic acid, arachidic acid, and gaddoleic acid. Pref- 
erably, butyric acid, caproic acid, caprylic acid, capric so 
acid, lauric acid, myristic acid, myristoleic acid, palmitic 
acid, palmitoleic acid, stearic, oleic acid, linoleic acid, 
linolenic acid, arachidic acid, and gaddoleic acid are 
present in the mixture in about the following percent- 
ages by weight, respectively (carbon chain number and 55 
number of unsaturates are shown parenthetically, 
respectively): 0.2%-0.4% (C 4 ), 0.1% (Cg), 0.3%-0.8% 
(Ca), 2.2%-3.5% (C 10 ). 0.9%-5.5% (C 12 ). 2.8%-8.5% 
(C 14 ). 0.1%-0.6% (C 141 ), 23.2%-24.6% (C 16 ), 1.8%- 



465 B1 12 

3.0% (Cw). 6.9%-9.9% (C 18 ), 36.0%-36.5% (C 181 ), 
20%-20.6% (C 18 2). 7.5-7.8% (C 1813 ), 1.1%-4.9% (Cgo), 
and 3.3%-6.4% (620:1/2). 

In another preferred embodiment the mixtur of 
saturated and unsaturated fatty acids is chicken fat 
comprising the following fatty acids: lauric acid, myristic 
acid, myristoleic acid, pentadecanoic acid, palmitic acid, 
palmitoleic acid, margaric acid, margaroleic add, 
stearic, oleic acid, linoleic acid, linolenic add, arachidic 
add, and gaddoleic acid. Preferably, lauric acid, myristic 
add, myristoleic add, pentadecanoic add, palmitic acid, 
palmitoleic acid, margaric acid, margaroleic add, 
stearic oleic acid, linoleic acid, linolenic add, arachidic 
add, and gaddoleic add are present in the mixture in 
about the following percentages by weight respectively: 
0.1% (C 12 ), 0.8% (C 14 ), 0.2% (C 14:1 ), 0.1% (C 15 ), 
25.3% (C 16 ), 7.2% (C 16:1 ), 0.1% (C 17 ), 0.1% (C 171 ), 
6.5% (C 18 ), 37.7% (C 18:1 ), 20.6% (C 18:2 ), 0.8% (C 183 ), 
0.2% (Cgo), and 0.3% (C2 0: i). 

The above fatty adds and percentages thereof 
present in the fatty acid mixture are given as an exam- 
ple. The exact type of fatty acid present in the fatty acid 
mixture and the exact amount of fatty acid employed in 
the fatty acid mixture may be varied in order to obtain 
the result desired in the final product and such varia- 
tions are now within the capabilities of those skilled in 
the art without the need for undue experimentation. 

The amount of fatty adds present in the therapeutic 
compositions of the present invention is a therapeuti- 
cally effective amount. A therapeutically effective 
amount of fatty adds is that amount of fatty acids neces- 
sary to prevent and reduce injury to mammalian cells 
and increase the resuscitation rate of injured mamma- 
lian cells. The exact amount of fatty adds employed is 
subject to such factors as the type and distribution of 
fatty acids employed in the mixture, the type of condition 
being treated, and the other ingredients in the composi- 
tion. In a preferred embodiment, the fatty acids are 
present in the therapeutic composition in an amount 
from about 10% to about 50%, preferably from about 
20% to about 45%, and more preferably from about 
25% to about 40%, by weight of the therapeutic compo- 
sition. 

The present invention extends to methods for mak- 
ing the therapeutic compositions. In general, a thera- 
peutic composition is made by forming an admixture of 
the components of the composition. The therapeutic 
composition is made by forming an admixture of (a) a 
pyruvate, (b) an antioxidant, and (c) a mixture of satu- 
rated and unsaturated fatty acids. 

For some applications, the admixture may be 
formed in a solvent such as water. If necessary, the pH 
of the solvent is adjusted to a range from about 3.5 to 
about 8.0, and preferably from about 4.5 to about 7.5, 
and more preferably about 6.0 to about 7.4. The admix- 
ture is then sterile filtered. Other ingredients may also 
be incorporated into the therapeutic composition as dic- 
tated by the nature of the desired composition as well 
known by those having ordinary skill in the art. The ulti- 
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mate therapeutic compositions are readily prepared 
using methods generally known in the pharmaceutical 
arts. 

The present invention extends to methods for 
employing the therapeutic compositions in vitro. In gen- 
eral, a therapeutic composition is employed by contact- 
ing the therapeutic composition with mammalian cells. 

The therapeutic compositions of the present inven- 
tion may be utilized in a wide variety of topical and 
ingestible pharmaceutical products. The therapeutic 
compositions may be used alone, may be used in com- 
bination with medicaments useful for treating injured 
mammalian cells to prepare augmented pharmaceutical 
compositions, and may be used in combination with 
medicaments which are cytotoxic to mammalian cells to 
prepare cytoprotective pharmaceutical compositions. 

The therapeutic composition for treating mamma- 
lian cells, preferably epidermal keratinocytes, in combi- 
nation a medicament comprises: 

(a) pyruvate selected from the group consisting of 
pyruvic acid, pharmaceutical^ acceptable salts of 
pyruvic acid, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty 
acids wherein the fatty adds are those fatty acids 
required for membrane repair and stabilization. 

In one embodiment, the therapeutic compositions 
may be utilized by themselves to protect that is, to pre- 
vent arid reduce injury to mammalian cells, and 
increase the resuscitation rate of injured mammalian 
ceils. In a second embodiment the therapeutic compo- 
sitions may be combined with a medicament which is 
useful for treating injured mammalian cells to form aug- 
mented pharmaceutical compositions having an 
enhanced ability to prevent and reduce injury to mam- 
malian cells and further increase the resuscitation rate 
of injured mammalian cells. In a third embodiment, the 
therapeutic compositions may be combined with a med- 
icament which is cytotoxic to cells to form cytoprotective 
pharmaceutical compositions to prevent and reduce 
injury to mammalian cells from the cytotoxic medica- 
ment, increase the resuscitation rate of injured mamma- 
lian cells, and thereby increase the therapeutic effect of 
the cytotoxic medicament. In a further embodiment, 
therapeutic compositions comprising pyruvate may be 
combined with a medicament which is cytotoxic to cells 
to form preventative cytoprotective pharmaceutical 
compositions for preventing and reducing injury to 
mammalian cells from the cytotoxic medicament and 
thereby increasing the therapeutic effect of the cytotoxic 
medicament. In a further embodiment, the components 
of the therapeutic compositions may be utilized in 
wound healing pharmaceutical compositions to 
increase the resuscitation rate of injured mammalian 
cells. 

The therapeutic compositions may be utilized by 
themselves in topical products, ingestible products, and 



tissue culture medium to protect mammalian cells and 
increase the resuscitation rate of injured mammalian 
cells. For example, the therapeutic compositions may 
be used in topical skin care products to protect and 

5 increase the resuscitation rate of skin tissue such as in 
the treatment of various dermatdogical disorders such 
as hyperkeratosis, photo-aging, and sunburn photore- 
adive processes. The topical therapeutic compositions 
may also be used orally in the form of a mouth wash or 

io spray to protect and accelerate the healing of injured 
oral tissue such as mouth sores and burns. The topical 
therapeutic compositions may further be used in oph- 
thalmologics! preparations such as eye care products to 
neutralize hydrogen peroxide used in the cleaning of 

15 contact lenses. The topical therapeutic compositions 
may in addition be used in anorectal creams and sup- 
positories to treat such conditions as pruritus ani, proc- 
titis, anal fissures, and hemorrhoids. 

The therapeutic compositions may also be used in 

so ingestible products to protect and increase the resusci- 
tation rate of erosions, stomach ulcers, and hamor- 
rhages in the gastric mucosa. Other ingestible 
therapeutic products include: heart medication to 
improve regional ventricular function and restore normal 

25 heart rate and pressure functions; lung medication to 
suppress generalized polymorphonuclear cell activa- 
tion; liver medication to suppress lipogenesis of alco- 
holic origin and prevent hepatic steatosis; kidney 
medication to suppress urinary calculi (kidney stones); 

30 detoxification medication to antagonize heavy metal 
poisoning, cyanide poisoning, sodium sulfide poisoning, 
other types of poisoning; and reduce and neutralize the 
production of oxygen radicals which produces injury to 
tissue. 

35 The therapeutic compositions of the present inven- 
tion may also be used in tissue culture media and organ 
transplant media to prevent and reduce injury to mam- 
malian cells and increase the resuscitation rate of 
injured mammalian cells. Tissue cultures and transplant 

40 organs encounter reactive oxygen species generated in 
the culture media by the injured cells. Organs particu- 
larly susceptible to oxidative damage during transport 
and transplantation due to reperfusion injury following 
ischemia are corneas, livers, hearts, and kidneys. The 

45 therapeutic compositions may be useful to abrogate 
reperfusion injury to such transplant organs. 

In the second embodiment, the therapeutic compo- 
sitions may be combined with a medicament which is 
useful for treating injured mammalian cells to form topi- 

50 cal and ingestible augmented pharmaceutical composi- 
tions. In this embodiment, the combination of the 
therapeutic compositions of the present invention and 
the medicament useful for treating injured mammalian 
ceils provides an augmented pharmaceutical composi- 

55 tion having an enhanced ability to prevent and reduce 
injury to mammalian cells and further increase the 
resuscitation rate of injured mammalian cells. The tis- 
sue damage associated with many diseases and condi- 
tions such as autoimmune disease and benign and 



8 



15 



EP0573 465B1 



16 



malignant skin growths is believed to be caused by the 
production of cellular produced active oxygen species. 
Combination of the therapeutic compositions of the 
present invention and medicaments useful for treating 
such diseases and conditions may suppress such reac- 5 
tive oxygen-linked tissue injury. For example, the thera- 
peutic compositions may be used in topical augmented 
pharmaceutical compositions in combination with medi- 
caments such as anti-inflammatories, antibacterials, 
antiseptics, burn relief medications, sun burn medica- to 
tions, acne preparations, insect bite and sting medica- 
tions, wound cleansers and wound dressings, to protect 
and further enhance the resuscitation rate of the injured 
mammalian cells. The therapeutic compositions may 
also be used in ingestible augmented pharmaceutical 75 
compositions in combination with medicaments used to 
treat injured mammalian cells such as stroke medica- 
tions, autoimmune disease medications, arthritis medi- 
cations, ulcer medications, and cancer medications, to 
protect and further enhance the resuscitation rate of the 20 
injured mammalian cells. 

In a specific embodiment, the invention is directed 
at an augmented pharmaceutical composition having 
an enhanced ability to prevent and reduce injury to 
mammalian cells which comprises: 25 

(A) a therapeutic composition selected from the 
group of consisting of: 

(1) 30 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 35 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty acids are those 
fatty acids required for the resuscitation of 
injured mammalian ceils; 40 

and 

(B) a medicament useful for treating injured mam- 
malian cells. 45 



tective pharmaceutical compositions. In this embodi- 
ment, the combination of the therapeutic compositions 
of the present invention and the medicament cytotoxic 
to cells provides a cytoprotective pharmaceutical com- 
position having an ability to prevent and reduce injury to 
mammalian cells from a cytotoxic medicament, 
increase the resuscitation rate of injured mammalian 
cells, and thereby increase the dose of the cytotoxic 
medicament Medicaments taken on a long term regi- 
men tend to cause liver, kidney, tissue, and other toxicity 
problems. In addition, certain cytotoxic medicaments, 
such as potent chemotherapeutic medicaments used to 
treat malignant tissues, are believed to stimulate 
release of significant amounts of reactive oxygen spe- 
cies by mammalian tissues which can cause oxidative 
injury. Combination of the therapeutic compositions of 
the present invention with such cytotoxic medicaments 
may inhibit induction of reactive oxygen production 
while simultaneously decreasing side effects of such 
medicaments. By decreasing the side effects of such 
medicaments, the dosage levels of the medicaments 
may be increased thereby increasing the therapeutic 
effect of the medicaments. For example, the therapeutic 
compositions may be used in topical cytoprotective 
pharmaceutical compositions in combination with cyto- 
toxic medicaments such as epithelial cell cohesiveness 
reducers such as tretinoin (Retin A), dermatological 
abradants, and anti-inflammatories, to protect and 
enhance the resuscitation rate of the injured mamma- 
lian cells. The therapeutic compositions may also be 
used in ingestible cytoprotective pharmaceutical com- 
positions in combination with medicaments that cause 
cytotoxic side effects such as anti-tumor, anti-viral, and 
antibacterial medicaments including the lipid regulating 
agents gemfibrozil and lovastatin, centrally acting anti- 
cholinesterases such as tacrine, chemotherapeutic 
medicaments such as the anthracycline antibiotic doxo- 
rubicin, gastric irritants such as acetylsalicylic acid and 
ibuprofen, to protect and enhance the resuscitation rate 
of the injured mammalian cells. 

In a specific embodiment the invention is directed 
at a cytoprotective pharmaceutical composition for pre- 
venting and reducing injury to mammalian cells from a 
medicament having cytotoxic properties which com- 
prises: 



In a preferred embodiment, the augmented phar- 
maceutical composition comprises the therapeutic com- 
positions of the present invention and a medicament 
useful for treating injured mammalian cells selected so 
from the group consisting of anti-inflammatories and 
wound cleansers and wound dressings. In a more pre- 
ferred embodiment the augmented pharmaceutical 
composition comprises a medicament selected from the 
group consisting of wound cleansers and wound dress- ss 
ings. 

In the third embodiment, the therapeutic composi- 
tions may be combined with a medicament which is 
cytotoxic to cells to form topical and ingestible cytopro- 



(A) a therapeutic composition selected from the 
group consisting of: 

(1) 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty acids are those 
fatty acids required for the resuscitation of 
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injured mammalian cells; 

and 

(B) a medicament having cytotoxic properties. s 

In a preferred embodiment, the medicament having 
cytotoxic properties in the cytoprotective pharmaceuti- 
cal compositions is selected from the group consisting 
of gemfibrozil, lovastatin, tacrine, and doxorubicin. In a 10 
more preferred embodiment, the medicament having 
cytotoxic properties in the cytoprotective pharmaceuti- 
cal compositions is selected from the group consisting 
of gemfibrozil and tacrine. In a most preferred embodi- 
ment, the medicament having cytotoxic properties is is 
gemfibrozil. Gemfibrozil (LOPID) is a lipid regulating 
agent which lowers elevated serum lipids primarily by 
decreasing serum triglyceride with a variable reduction 
in total serum cholesterol. Lovastatin (MEVACOR) is a 
cholesterol lowering agent which inhibits the enzymatic 20 
biosynthesis of cholesterol. Tacrine (1,2,3,4-tetrahydro- 
9-acridinamine) is a centrally active anticholinesterase 
useful as a cognition activator. Tacrine has undergone 
clinical trials for use in treating severe Alzheimer's dis- 
ease (presenile dementia). Doxorubicin (adriamycin) is 25 
a cytotoxic anthracycline antibiotic reported to produce 
regression in disseminated neoplastic conditions such 
as in various leukemias, tumors, neuroblastomas, sar- 
comas, and carcinomas. 

In another embodiment, therapeutic compositions 30 
comprising pyruvate may be combined with a medica- 
ment, which is cytotoxic to cells, to form a preventative 
cytoprotective pharmaceutical composition. These pre- 
ventative compositions may be used to protect mamma- 
lian cells, which have not been injured by the 35 
medicament having cytotoxic properties and which do 
not require resuscitation, and to thereby increase the 
therapeutic effect of the cytotoxic medicament 

In a specific embodiment, the invention is directed 
at a preventative cytoprotective pharmaceutical compo- 40 
srtion for preventing and reducing injury to mammalian 
cells from a medicament having cytotoxic properties 
which comprises: 

(A) a therapeutic composition comprising pyruvate 45 
selected from the group consisting of pyruvic acid, 
pharmaceutical^ acceptable salts of pyruvic acid, 
and mixtures thereof; and 

(B) a medicament having cytotoxic properties. 

50 

In another form of the fifth embodiment, therapeutic 
compositions comprising pyruvate may be combined in 
an immediate release form with an anticancer medica- 
ment having cytotoxic properties in a timed release form 
to provide a timed release preventative cytoprotective 55 
pharmaceutical composition. In this embodiment, the 
timed release composition releases the therapeutic 
composition substantially immediately and releases the 
cytotoxic chemotherapeutic medicament after a suitable 



period of time, for example 15 minutes after releasing 
the therapeutic composition, to selectively protect non- 
cancerous ceils in the presence of cancerous cells 
against the cytotoxic chemotherapeutic medicament. 

In a specific embodiment, th invention is direct at a 
timed release preventative cytoprotective pharmaceuti- 
cal composition for selectively protecting non-cancer- 
ous mammalian cells in the presence of cancerous 
mammalian cells from an anticancer medicament hav- 
ing cytotoxic properties which comprises: 

(A) a therapeutic composition in an immediate 
release form comprising pyruvate selected from the 
group consisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mixtures 
thereof; and 

(B) an anticancer medicament having cytotoxic 
properties in timed release form; 

wherein the therapeutic composition is released 
substantially immediately and the anticancer medica- 
ment is released after a period of time sufficient such 
that the cancerous cells have substantially metabolized 
the therapeutic composition and the non-cancerous 
cells have not substantially metabolized the therapeutic 
composition. 

In a further embodiment, the components in the 
therapeutic compositions may be utilized in wound heal- 
ing products to increase the resuscitation rate of injured 
mammalian cells. In this embodiment the mixture of 
saturated and unsaturated fatty acids is employed with 
another component in the therapeutic compositions. 
Not all components of the therapeutic composition may 
be required in the wound healing product to heal a 
wound. For example, if the wound is not undergoing oxi- 
dative injury, the therapeutic composition may not 
require an antioxidant. For other types of wounds, the 
components in the therapeutic composition may vary 
depending upon the type of wound being treated. 

In a specific embodiment, the invention is directed 
at a wound healing pharmaceutical composition to 
increase the resuscitation rate of injured mammalian 
cells which comprises: 

(A) a first wound healing component comprising a 
mixture of saturated and unsaturated fatty acids 
wherein the fatty acids are those fatty acids 
required for the resuscitation of injured mammalian 
cells; and 

(B) a second wound healing component selected 
from the group consisting of: 

(a) pyruvate selected from the group consisting 
of pyruvic acid, pharmaceutical^ acceptable 
salts of pyruvic acid, and mixtures thereof. 

The present invention extends to methods for mak- 
ing the augmented pharmaceutical compositions, cyto- 
protective pharmaceutical compositions, prophylactic 
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cytoprotectrve pharmaceutical compositions, timed 
release prophylactic cytoprotective pharmaceutical 
compositions, preventative cytoprotective pharmaceuti- 
cal compositions, timed release preventative cytopro- 
tective pharmaceutical compositions, and wound 5 
healing pharmaceutical compositions. In general, the 
pharmaceutical compositions are made by forming an 
admixture of the therapeutic components in the compo- 
sitions. For example, an augmented pharmaceutical 
composition is made by forming an admixture of the w 
therapeutic compositions and the medicament which is 
useful for treating injured mammalian cells. A cytopro- 
tective pharmaceutical composition is made by forming 
an admixture of the therapeutic compositions and the 
medicament having cytotoxic properties. A prophylactic 15 
cytoprotective pharmaceutical composition, including 
the timed release form, is made by forming an admix- 
ture of the prophylactic therapeutic components and the 
medicament having cytotoxic properties. A preventative 
cytoprotectrve pharmaceutical composition, including 20 
the timed release form, is made by forming an admix- 
ture of the preventative therapeutic components and the 
medicament having cytotoxic properties. A wound heal- 
ing pharmaceutical composition is made by forming an 
admixture of the wound healing components. 2 s 

The present invention also extends to methods for 
employing the augmented pharmaceutical composi- 
tions, the cytoprotective pharmaceutical compositions, 
the prophylactic cytoprotective pharmaceutical compo- 
sitions, the timed release prophylactic cytoprotective 30 
pharmaceutical compositions, the preventative cytopro- 
tective pharmaceutical compositions, the timed release 
preventative cytoprotective pharmaceutical composi- 
tions, and the wound healing pharmaceutical composi- 
tions. 35 

In general, a pharmaceutical composition is 
employed by contacting the pharmaceutical composi- 
tion with mammalian cells. 

The therapeutic compositions of the present inven- 
tion may also be administered to cells prior to the 40 
administration of a cytotoxic chemotherapeutic medica- 
ment, for example 15 minutes prior to administering the 
chemotherapeutic medicament, to selectively protect 
non-cancerous cells in the presence of cancerous cells 
against a cytotoxic chemotherapeutic medicament 45 
Because cancerous cells have a rapid metabolism, can- 
cerous cells will rapidly consume the protective thera- 
peutic composition and will not be protected by the 
therapeutic compositions when the chemotherapeutic 
medicament is subsequently administered. so 

The types of wounds which may be healed using 
the compositions of the present invention are those 
which result from an injury which causes epidermal 
damage, chronic ulcers, gastric ulcers, burns, and 
donor site wounds. Such wounds inciud ophthalmic ss 
wounds, such as those which result from corneal ulcers, 
radialkeratotomy, corneal transplants, epikeratophakia 
and other surgically induced wounds in the eye, and 
cutaneous wounds such as burn wounds, donor site 



wounds from skin transplants and ulcers (cutaneous, 
decubrtis, venous stasis, and diabetic). In addition, der- 
matological wounds such as psoriasis, sunburn, and 
skin rashes may also be treated with the compositions 
of th present invention. The compositions may be 
applied to the wound site either topically or internally 
depending on the type of wound. 

The composition is maintained in contact with the 
wound for a period of time sufficient to increase the rate 
of cell growth at the wound site. 

In another embodiment, the invention is directed at 
a method for preserving mammalian cells in a culture 
medium which comprises the steps of: 

(A) providing a therapeutic composition selected 
from the group of consisting of: 

(1) 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutically 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty acids are those 
fatty acids required for the resuscitation of 
injured mammalian ceils; 

(B) providing mammalian cells in a culture medium; 
and 

(C) contacting the therapeutic composition from 
step (A) with the mammalian cells in the culture 
medium from step (B). 

Once prepared, the inventive therapeutic composi- 
tions may be stored for future use or may be formulated 
in effective amounts with pharmaceutically acceptable 
carriers to prepare a wide variety of pharmaceutical 
compositions. Examples of pharmaceutically accepta- 
ble carriers are pharmaceutical appliances, topical vehi- 
cles (non-oral and oral), and ingestible vehicles. 

Examples of pharmaceutical appliances are 
sutures, staples, gauze, bandages, burn dressings, arti- 
ficial skins, liposome or micell formulations, microcap- 
sules, aqueous vehicles for soaking gauze dressings, 
and the like, and mixtures thereof. Non-oral topical com- 
positions employ non-oral topical vehicles, such as 
creams, gels formulations, foams, ointments and 
sprays, salves, and films, which are intended to be 
applied to the skin or body cavity and are not intended 
to be taken by mouth. Oral topical compositions employ 
oral vehicles, such as mouthwashes, rinses, oral 
sprays, suspensions, and dental gels, which are 
intended to be taken by mouth but are not intended to 
be ingested. Ingestible compositions employ ingestible 
or partly ingestible vehicles such as confectionery bulk- 
ing agents which include hard and soft confectionery 
such as lozenges, tablets, toffees, nougats, suspen- 
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sions, chewy candies, and chewing gums. 

In one form of the invention, the therapeutic compo- 
sition is incorporated into a pharmaceutical appliance 
which may be in the form of sutures, staples, gauze, 
bandages, burn dressings, artificial skins, liposome or s 
micell formulations, microcapsules, aqueous vehicles 
for soaking gauze dressings, and the like, and mixtures 
thereof. A variety of traditional ingredients may option- 
ally be included in the pharmaceutical composition in 
effective amounts such as buffers, preservatives, tonic- 10 
ity adjusting agents, antioxidants, polymers for adjusting 
viscosity or for use as extenders, and exa'pients, and 
the like. Specific illustrative examples of such traditional 
ingredients include acetate and borate buffers; 
thimerosol, sorbic acid, methyl and propyl paraben and is 
chlorobutanol preservatives; sodium chloride and sug- 
ars to adjust the tonicity; and excipients such as manni- 
td, lactose and sucrose. Other conventional 
pharmaceutical additives known to those having ordi- 
nary skill in the pharmaceutical arts may also be used in 20 
the pharmaceutical composition. 

In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
present invention may be employed in the pharmaceuti- 
cal appliance. These amounts are readily determined 25 
by those skilled in the art without the need for undue 
experimentation. The exact amount of the therapeutic 
composition employed is subject to such factors as the 
type and concentration of the therapeutic composition 
and the type of pharmaceutical appliance employed. 30 
Thus, the amount of therapeutic composition may be 
varied in order to obtain the result desired in the final 
product and such variations are within the capabilities of 
those skilled in the art without the need for undue exper- 
imentation. In a preferred embodiment, the pharmaceu- 3S 
tical composition will comprise the therapeutic 
composition in an amount from about 0. 1% to about 5%, 
by weight of the pharmaceutical composition. In a more 
preferred embodiment, the pharmaceutical composition 
will comprise the therapeutic composition in an amount *o 
from about 0. 1 % to about 3%, by weight of the pharma- 
ceutical composition. In a most preferred embodiment, 
the pharmaceutical composition will comprise the thera- 
peutic composition in an amount from about 0.1% to 
about 1 %, by weight of the pharmaceutical composition. 45 

The present invention extends to methods for mak- 
ing the pharmaceutical compositions. In general, a 
pharmaceutical composition is made by contacting a 
therapeutically effective amount of a therapeutic com- 
position with a pharmaceutical appliance and the other so 
ingredients of the final desired pharmaceutical compo- 
sition. The therapeutic composition may be in a solvent 
and may be absorbed onto a pharmaceutical appliance. 

Other ingredients will usually be incorporated into 
the composition as dictated by the nature of. the desired ss 
composition as well known by those having ordinary 
skill in the art. The ultimate pharmaceutical composi- 
tions are readily prepared using methods generally 
known in the pharmaceutical arts. 



In another form of the invention, the therapeutic 
composition is incorporated into a non-oral topical vehi- 
cle which may be in the form of a cream, gel, foam, oint- 
ment, spray, and the like. Typical non-toxic non-oral 
topical vehicles known in the pharmaceutical arts may 
be used in the present invention. The preferred non-oral 
topical vehicles are water and pharmaceutical^ accept- 
able water-miscible organic solvents such as ethyl alco- 
hol, isopropyl alcohol, propylene glycol, glycerin, and 
the like, and mixtures of these solvents. Water-alcohol 
mixtures are particularly preferred and are generally 
employed in a weight ratio from about 1:1 to about 20:1 , 
preferably from about 3:1 to about 20:1 , and most pref- 
erably from about 3:1 to about 10:1 , respectively. 

The non-oral topical therapeutic compositions may 
also contain conventional additives employed in those 
products. Conventional additives include humectants, 
emollients, lubricants, stabilizers, dyes, and perfumes, 
providing the additives do hot interfere with the thera- 
peutic properties of the therapeutic composition. 

Suitable humectants useful in the non-oral topical 
therapeutic compositions include glycerin, propylene 
glycol, polyethylene glycol, sorbitan, fructose, and the 
like, and mixtures thereof. Humectants, when 
employed, may be present in amounts from about 10% 
to about 20%, by weight of the topical therapeutic com- 
position. 

The coloring agents (colors, colorants) useful in the 
non-oral topical therapeutic composition are used in 
amounts effective to produce the desired color. These 
coloring agents include pigments which may be incor- 
porated in amounts up to about 6% by weight of the 
non-oral topical therapeutic composition. A preferred 
pigment titanium dioxide, may be incorporated in 
amounts up to about 2%, and preferably less than about 
1%, by weight of the non-oral topical therapeutic com- 
position. The coloring agents may also include natural 
food colors and dyes suitable for food, drug and cos- 
metic applications. These coloring agents are known as 
F.D.& C. dyes and lakes. The materials acceptable for 
the foregoing uses are preferably water-soluble. Illustra- 
tive nonlimiting examples include the indigoid dye 
known as F.D.& C. Blue No.2, which is the disodium salt 
of 5,5-indigotindisulfonic acid. Similarly, the dye known 
as F.D.& C. Green No.1 comprises a triphenylmethane 
dye and is the monosodium salt of 4-[4-(N-ethyl-Q-suIfo- 
niumbenzylamino) diphenylmethylene]-[1 -(N-ethyt-N-g- 
surfoniumbenzyl)-derta-2,5-cyclohexadieneimine]. A full 
recitation of all F.D.& C. coloring agents and their corre- 
sponding chemical structures may be found in the Kirk- 
Othmer Encyclopedia of Chemical Technology, 3rd Edi- 
tion, in volume 5 at pages 857-884, which text is incor- 
porated herein by reference. 

In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
present invention may be admixed with a non-oral topi- 
cal vehicle to form a topical therapeutic composition. 
These amounts are readily determined by those skilled 
in the art without the need for undue experimentation. In 
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a preferred embodiment the non-oral topical therapeu- 
tic compositions will comprise the therapeutic composi- 
tion in an amount from about 0.1% to about 10% and a 
non-oral topical vehicle in a quantity sufficient to bring 
the total amount of composition to 100%, by weight of $ 
the non-oral topical therapeutic composition. In a more 
preferred embodiment, the non-oral topical therapeutic 
compositions will comprise the therapeutic composition 
in an amount from about 0.1% to about 5%, and in a 
most preferred embodiment, the non-oral topical thera- 70 
peutic compositions will comprise the therapeutic com- 
position in an amount from about 0. 1 % to about 2%, and 
a non-oral topical vehicle in a quantity sufficient to bring 
the total amount of composition to 100%. by weight of 
the non-oral topical therapeutic composition. 15 

The present invention extends to methods for pre- 
paring the non-oral topical therapeutic compositions. In 
such a method, the non-oral topical therapeutic compo- 
sition is prepared by admixing a therapeutically effective 
amount of the therapeutic composition of the present 20 
invention and a non-oral topical vehicle. The final com- 
positions are readily prepared using standard methods 
and apparatus generally known by those skilled in the 
pharmaceutical arts. The apparatus useful in accord- 
ance with the present invention comprises mixing appa- 2s 
ratus well known in the pharmaceutical arts, and 
therefore the selection of the specific apparatus will be 
apparent to the artisan. 

In another form of the invention, the therapeutic 
composition is incorporated into an oral topical vehicle 30 
which may be in the form of a mouthwash, rinse, oral 
spray, suspension, dental gel, and the like. Typical non- 
toxic oral vehicles known in the pharmaceutical arts 
may be used in the present invention. The preferred oral 
vehicles are water, ethanol, and water-ethanol mixtures. 35 
Trie water-ethanol mixtures are generally employed in a 
weight ratio from about 1:1 to about 20:1, preferably 
from about 3:1 to about 20:1, and most preferably from 
about 3:1 to about 10:1, respectively. The pH value of 
the oral vehicle is generally from about 4 to about 7, and 40 
preferably from about 5 to about 6.5. An oral topical 
vehicle having a pH value below about 4 is generally irri- 
tating to the oral cavity and an oral vehicle having a pH 
value greater than about 7 generally results in an 
unpleasant mouth feel. 45 

The oral topical therapeutic compositions may also 
contain conventional additives normally employed in 
those products. Conventional additives include a fluo- 
rine providing compound, a sweetening agent, a flavor- 
ing agent, a coloring agent, a humectant. a buffer, and so 
an emulsifier, providing the additives do not interfere 
with the therapeutic properties of the therapeutic com- 
position. 

The coloring agents and humectants, and the 
amounts of these additives to be employed, set out 55 
above as useful in the non-oral topical therapeutic com- 
position may be used in the oral topical therapeutic 
composition. 

Fluorine providing compounds may be fully or 



slightly water soluble and are characterized by their abil- 
ity to release fluoride ions or fluoride containing ions in 
water and by their lack of reaction with other compo- 
nents in the composition. Typical fluorine providing com- 
pounds are inorganic fluoride salts such as water- 
soluble alkali metal, alkaline earth metal, and heavy 
metal salts, for example, sodium fluoride, potassium flu- 
oride, ammonium fluoride, cuprous fluoride, zinc fluo- 
ride, stannic fluoride, stannous fluoride, barium fluoride, 
sodium fluorosilicate, ammonium fluorosilicate, sodium 
fluorozirconate, sodium monofluorophosphate, alumi- 
num mono- and difluorophosphates and fluorinated 
sodium calcium pyrophosphate. Alkali metal fluorides, 
tin fluoride and monof luorophosphates, such as sodium 
and stannous fluoride, sodium monofluorophosphate 
and mixtures thereof, are preferred. 

The amount of fluorine providing compound 
present in the present oral topical therapeutic composi- 
tion is dependent upon the type of fluorine providing 
compound employed, the solubility of the fluorine com- 
pound, and the nature of the final oral therapeutic com- 
position. The amount of fluorine providing compound 
used must be a nontoxic amount. In general, the fluo- 
rine providing compound when used will be present in 
an amount up to about 1%. preferably from about 
0.001% to about 0.1%, and most preferably from about 
0.001% to about 0.05%. by weight of the oral topical 
therapeutic composition. 

When sweetening agents (sweeteners) are used, 
those sweeteners well known in the art. including both 
natural and artificial sweeteners, may be employed. The 
sweetening agent used may be selected from a wide 
range of materials including water-soluble sweetening 
agents, water-soluble artificial sweetening agents, 
water-soluble sweetening agents derived from naturally 
occurring water-soluble sweetening agents, dipeptide 
based sweetening agents, and protein based sweeten- 
ing agents, including mixtures thereof. Without being 
limited to particular sweetening agents, representative 
categories and examples include: 

(a) water-soluble sweetening agents such as mon- 
osaccharides, disaccharides and polysaccharides 
such as xylose, ribose, glucose (dextrose), man- 
nose, galactose, fructose (levulose), sucrose 
(sugar), maltose, invert sugar (a mixture of fructose 
and glucose derived from sucrose), partially hydro- 
lyzed starch, corn syrup solids, dihydrochalcones, 
monellin, steviosides, and glycyrrhizin, and mix- 
tures thereof; 

(b) water-soluble artificial sweeteners such as solu- 
ble saccharin salts, i.e., sodium or calcium saccha- 
rin salts, cydamate salts, the sodium, ammonium 
or calcium salt of 3,4-dihydro-6-methyM,2,3- 
oxathiazine-4-one-2,2-dioxide. the potassium salt 
of 3,4-dihydro-6-methyl-1 ,2,3-oxathiazine-4-one- 
2,2-dioxide (AcesuHame-K), the free acid form of 
saccharin, and the like; 

(c) dipeptide based sweeteners, such as L-aspartic 
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acid derived sweeteners, such as L-aspartyl-L-phe- 
nylalanine methyl ester (Aspartame) and materials 
described in United States patent no. 3,492,131, L- 
alpha-aspartyl-N-(2,2,4,4-tetramethyi-3-thietanyl)- 
D-alaninamide hydrate (Alitame), methyl esters of 5 
L-aspartyl-L-phenylglycerine and L-aspartyl-L-2,5- 
dihydrophenylglycine. L-aspartyi-2,5-dihydro-L- 
phenylalanine; L-aspartyl-L-(1 -cyclohexen)- 
alanine, and the like; 

(d) water-soluble sweeteners derived from naturally 
occurring water-soluble sweeteners, such as chlo- 
rinated derivatives of ordinary sugar (sucrose), e.g., 
chlorodeoxysugar derivatives such as derivatives of 
chlorodeoxysucrose or chlorodeoxygalactosu- 
crose, known, for example, under the product des- 
ignation of Sucralose; examples of 
chlorodeoxysucrose and chlorodeoxygalactosu- 
crose derivatives include but are not limited to: 1- 
chloro-1 '-deoxysucrose; 4-chloro-4-deoxy-alpha-D- 
galactopyranosyl-alpha-D-fructofuranoside, or 4- 
chloro-4-deoxygalactosucrose; 4-chloro-4-deoxy- 
alpha-D-galactopyranosyl-1 -chloro-1 -deoxy-beta- 
D-fructo-furanoside, or 4,1 , -dichloro-4,r-dideoxyg- 
alactosucrose; 1 '.ff-dichloro-l \6'-dideGxysucrose; 
4-chloro-4-deoxy-alpha-D-galactopyrano^l-1 .6- 
dichloro-1 ,6-dideoxy-beta-D-fructofuranoside, or 
4,1 ^eMrichloro^.r.e'-trideoxygalactosucrose; 4,6- 
dichloro-4,6-dideoxy-alpha-D-galactopyranosyl-6- 
chloro-6-deoxy-beta-D-fructofuranoside, or 4,6,6,- 
trichloro^^.^-trideoxygalactosucrose; 6. 1 ',6- 
trichloro-6, 1 '.e'-trideoxysucrose; 4,6-dichloro-4,6- 
dideoxy-alpha-D^aiac^pyranosyl-1,6-dichloro- 
1,6-dideaxy-beta-D-fructpfuranoside, or 4,6,1', 6*- 
tetrachloro-4,6, 1 , ,6 , -tetradeoxygalacto-sucrose; 
and 4,6,1 , ,6 , -tetrachloro-4.6,r,6 , -tetradeoxy- 
sucrose; and 

(e) protein based sweeteners such as thaumaoc- 
cous danielli (Thaumatin I and II). 

In general, an effective amount of sweetening agent 
is utilized to provide the level of sweetness desired in 
the particular oral topical therapeutic composition, and 
this amount will vary with the sweetener selected and 
the final oral therapeutic product desired. The amount of 
sweetener normally present is in the range from about 
0.0025% to about 90%, by weight of the oral topical 
therapeutic composition, depending upon the sweet- 
ener used. The exact range of amounts for each type of 
sweetener is well known in the art and is not the subject 
of the present invention. 

The flavoring agents (flavors, flavorants) which may 
be used include those flavors known to the skilled arti- 
san, such as natural and artificial flavors. Suitable fla- 
voring agents include mints, such as peppermint, citrus 
flavors such as orange and lemon, artificial vanilla, cin- 
namon, various fruit flavors, both individual and mixed, 
and the like. 

The amount of flavoring agent employed in the oral 
topical therapeutic composition is normally a matter of 



preference subject to such factors as the type of final 
oral therapeutic composition, the individual flavor 
employed, and the strength of flavor desired. Thus, the 
amount of flavoring may be varied in order to obtain the 
result desired in the final product and such variations 
are within the capabilities of those skilled in the art with- 
out the need for undue experimentation. The flavoring 
agents, when used, are generally utilized in amounts 
that may, for example, range in amounts from about 
0.05% to about 6%, by weight of the oral topical thera- 
peutic composition. 

Suitable buffer solutions useful in the non-oral topi- 
cal therapeutic compositions include citric acid-sodium 
citrate solution, phosphoric acid-sodium phosphate 
solution, and acetic acid-sodium acetate solution in 
amounts up to about 1%, and preferably from about 
0.05% to about 0.5% by weight of the oral topical thera- 
peutic composition. 

In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
present invention may be admixed with an oral topical 
vehicle to form a topical therapeutic composition. These 
amounts are readily determined by those skilled in the 
art without the need for undue experimentation. In a 
preferred embodiment the oral topical therapeutic com- 
positions will comprise the therapeutic composition in 
an amount from about 0.1% to about 10% and a oral 
topical vehicle in a quantity sufficient to bring the total 
amount of composition to 100%, by weight of the oral 
topical therapeutic composition. In a more preferred 
embodiment, the oral topical therapeutic compositions 
will comprise the therapeutic composition in an amount 
from about 0.1% to about 5%, arid in a most preferred 
embodiment, the oral topical therapeutic compositions 
will comprise the therapeutic composition in an amount 
from about 0.1% to about 2%, and a oral topical vehicle 
in a quantity sufficient to bring the total amount of com- 
position to 100%, by weight of the oral topical therapeu- 
tic composition. 

The present invention extends to methods for pre- 
paring the oral topical therapeutic compositions. In such 
a method, the oral topical therapeutic composition is 
prepared by admixing a therapeutically effective amount 
of the therapeutic composition of the present invention 
and an oral topical vehicle. The final compositions are 
readily prepared using standard methods and appara- 
tus generally known by those skilled in the pharmaceu- 
tical arts. The apparatus useful in accordance with the 
present invention comprises mixing apparatus well 
known in the pharmaceutical arts, and therefore the 
selection of the specific apparatus will be apparent to 
the artisan. 

In a prefened embodiment, an oral topical thera- 
peutic composition is made by first dissolving coloring 
agents, sweetening agents, and simitar additives in 
water. Th therapeutic composition is then admixed with 
the aqueous solution. Then sufficient water or ethanol, 
or mixtures of water and ethanol, are added to the solu- 
tion with mixing until the final solution volume is 
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reached. In a more preferred embodiment, the thera- 
peutic composition is added to the solution as the final 
ingredient. The final oral topical therapeutic composi- 
tions are readily prepared using methods generally 
known in the pharmaceutical arts. 5 

The oral therapeutic composition may also be in the 
form of dental gel. As used herein, the term "gel" means 
a solid or semisolid colloid which contains considerable 
quantities of water. The colloid particles in a gel are 
linked together in a coherent meshwork which immobi- 10 
lizes the water contained inside the meshwork. 

The dental gel compositions of the present inven- 
tion may contain the conventional additives set out 
above for oral topical therapeutic compositions such as 
mouthwashes, rinses, oral sprays, and suspensions 15 
and, in addition, may contain additional additives such 
as a polishing agent, a desensitizing agent, and the like, 
providing the additional additives do not interfere with 
the therapeutic properties of the therapeutic composi- 
tion. 20 

In a dental gel composition, the oral vehicle gener- 
ally comprises water, typically in an amount from about 
1 0% to about 90%, by weight of the dental get composi- 
tion. Polyethylene glycol, propylene glycol, glycerin, and 
mixtures thereof may also be present in the vehicle as 25 
humectants or binders in amounts from about 18% to 
about 30%, by weight of the dental gel composition. 
Particularly preferred oral vehicles comprise mixtures of 
water with polyethylene glycol or water with glycerin and 
polypropylene glycol. 30 

The dental gels of the present invention include a 
gelling agent (thickening agent) such as a natural or 
synthetic gum or gelatin. Gelling agents such as hydrax- 
yethyl cellulose, methyl cellulose, glycerin, carboxy- 
polymethylene, and gelatin and the like, and mixtures 35 
thereof may be used. The preferred gelling agent is 
hydroxyethyl cellulose. Gelling agents may be used in 
amounts from about 0.5% to about 5%, and preferably 
from about 0.5% to about 2%, by weight of the dental 
gel composition. 40 

The dental gel compositions of the present inven- 
tion may also include a polishing agent In clear gels, a 
polishing agent of colloidal silica and/or alkali metal alu- 
minosilicate complexes is preferred since these materi- 
als have refractive indices close to the refractive indices 45 
of the gelling systems commonly used in dental gels. In 
non-clear gels, a polishing agent of calcium carbonate 
or calcium dihydrate may be used. These polishing 
agents may be used in amounts up to about 75%. and 
preferably in amounts up to about 50%, by weight of the so 
dental gel composition. 

The dental gel may also contain a desensitizing 
agent such as a combination of citric acid and sodium 
citrate. Citric acid may be used in an amount from about 
0.1% to about 3%, and preferably from about 0.2% to 55 
about 1%, by weight and sodium citrate may be used in 
an amount from about 0.3% to about 9%, and preferably 
from about 0.6% to about 3%, by weight of the dental 
gel composition. 



In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
present invention may be admixed into the dental gel 
compositions. These amounts are readily determined 
by those skilled in the art without the need for undu 
experimentation. In a preferred embodiment, the dental 
gel compositions will comprise the therapeutic composi- 
tion in an amount from about 0.1% to about 10% and an 
oral topical vehicle in a quantity sufficient to bring the 
total amount of composition to 100%, by weight of the 
dental gel composition. In a more preferred embodi- 
ment the dental gel compositions will comprise the 
therapeutic composition in an amount from about 0.1% 
to about 5%, and in a most preferred embodiment the 
dental gel compositions will comprise the therapeutic 
composition in an amount from about 0.1 % to about 2%, 
and an oral topical vehicle in a quantity sufficient to 
bring the total amount of composition to 100%, by 
weight of the dental gel composition. 

The present invention extends to methods for pre- 
paring the therapeutic dental gel compositions. In such 
a method, the dental gel composition is prepared by 
admixing a therapeutically effective amount of the ther- 
apeutic composition of the present invention and an oral 
topical vehicle. The final compositions are readily pre- 
pared using methods generally known by those skilled 
in the dental and pharmaceutical arts. The apparatus 
useful in accordance with the present invention com- 
prises mixing apparatus well known in the pharmaceuti- 
cal arts, and therefore the selection of the specific 
apparatus will be apparent to the artisan. 

In a preferred embodiment, a therapeutic dental gel 
composition is made by first dispersing a gelling agent 
in a humectant or water, or a mixture of both, then 
admixing to the dispersion an aqueous solution of the 
water-soluble additives such as the fluorine providing 
compound, sweeteners and the like, then adding the 
polishing agent, and lastly admixing the flavoring agent 
and the therapeutic composition. The final gel mixture is 
then tubed or otherwise packaged. The liquids and sol- 
ids in a gel product are proportioned to form a creamy or 
gelled mass which is extrudable from a pressurized 
container or from a collapsible tube. The final therapeu- 
tic compositions are readily prepared using methods 
generally known in the pharmaceutical arts. 

In yet another form of the invention, the therapeutic 
composition is incorporated into an ingestible vehicle. 
The ingestible vehicle may be a confectionery bulking 
agent in the form of lozenges, tablets, toffees, nougats, 
suspensions, chewy candies, chewing gums, and the 
like. The pharmaceutical^ acceptable carriers may be 
prepared from a wide range of materials including, but 
not limited to, diluents, binders and adhesives, lubri- 
cants, disintegrants, coloring agents, bulking agents, 
flavoring agents, sweetening agents and miscellaneous 
materials such as buffers and adsorbents that may be 
needed in order to prepare a particular therapeutic con- 
fection. 

The preparation of confectionery formulations is 
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historically well known and has changed little through 
the years. Confectionery items have been classified as 
either "hard" confectionery or "soft" confectionery. The 
therapeutic compositions of the present invention can 
be incorporated into confectionery compositions by s 
admixing the inventive composition into conventional 
hard and soft confections. 

As used herein, the term confectionery material 
means a product containing a bulking agent selected 
from a wide variety of materials such as sugar, corn io 
syrup, and in the case of sugarless bulking agents, 
sugar alcohols such as sorbitol and mannitol and mix- 
tures thereof. Confectionery material may include such 
exemplary substances as lozenges, tablets, toffee, nou- 
gat suspensions, chewy candy, chewing gum and the is 
like. The bulking agent is present in a quantity sufficient 
to bring the total amount of composition to 100%. In 
general, the bulking agent will be present in amounts up 
to about 99.98%, preferably in amounts up to about 
99.9%, and more preferably in amounts up to about 20 
99%, by weight of the ingestible therapeutic composi- 
tion. 

Lozenges are flavored medicated dosage forms 
intended to be sucked and held in the mouth. Lozenges 
may be in the form of various shapes such as flat, circu- 25 
lar, octagonal and biconvex forms. The lozenge bases 
are generally in two forms: hard boiled candy lozenges 
and compressed tablet lozenges. 

Hard boiled candy lozenges may be processed and 
formulated by conventional means, In general, a hard 30 
boiled candy lozenge has a base composed of a mix- 
ture of sugar and other carbohydrate bulking agents 
kept in an amorphous or glassy condition. This amor- 
phous or glassy form is considered a solid syrup of sug- 
ars generally having from about 0.5% to about 1.5% 35 
moisture. Such materials normally contain up to about 
92% corn syrup, up to about 55% sugar and from about 
0.1% to about 5% water, by weight of the final composi- 
tion. The syrup component is generally prepared from 
corn syrups high in fructose, but may include other 40 
materials. Further ingredients such as flavoring agents, 
sweetening agents, acidulants, coloring agents and the 
like may also be added. 

Boiled candy lozenges may also be prepared from 
non-fermentable sugars such as sorbitol, mannitol, and 45 
hydrogenated corn syrup. Typical hydrogenated corn 
syrups are Lycasin, a commercially available product 
manufactured by Roquette Corporation, and Hystar, a 
commercially available product manufactured by Lonza, 
Inc. The candy lozenges may contain up to about 95% so 
sorbitol, a mixture of sorbitol and mannitol in a ratio from 
about 9.5:0.5 up to about 7.5:2.5, and hydrogenated 
corn syrup up to about 55%, by weight of the solid syrup 
component. 

Boiled candy lozenges may be routinely prepared 55 
by conventional methods such as those involving fire 
cookers, vacuum cookers, and scraped-surface cookers 
also referred to as high speed atmospheric cookers. 

Fire cookers involve the traditional method of mak- 



ing a boiled candy lozenge base. In this method, the 
desired quantity of carbohydrate bulking agent is dis- 
solved in water by heating the agent in a kettle until the 
bulking agent dissolves. Additional bulking agent may 
then be added and cooking continued until a final tem- 
perature of 145° C. to 156° C. is achieved. The batch is 
then cooled and worked as a plastic-like mass to incor- 
porate additives such as flavors, colorants and the like. 

A high-speed atmospheric cooker uses a heat- 
exchanger surface which involves spreading a film of 
candy on a heat exchange surface, the candy is heated 
to 1 65° C. to 1 70° C. in a few minutes. The candy is then 
rapidly cooled to 100° C. to 120° C. and worked as a 
plastic-like mass enabling incorporation of the additives, 
such as flavors, colorants and the like. 

In vacuum cookers, the carbohydrate bulking agent 
is boiled to 125° C. to 132° C, vacuum is applied and 
additional water is boiled off without extra heating. 
When cooking is complete, the mass is a semi-solid and 
has a plastic-like consistency. At this point flavors, col- 
orants, and other additives are admixed in the mass by 
routine mechanical mixing operations. 

The optimum mixing required to uniformly mix the 
flavoring agents, coloring agents and other additives 
during conventional manufacturing of boiled candy loz- 
enges is determined by the time needed to obtain a uni- 
form distribution of the materials. Normally, mixing times 
of from 4 to 10 minutes have been found to be accepta- 
ble. 

Once the boiled candy lozenge has been properly 
tempered, it may be cut into workable portions or 
formed into desired shapes. A variety of forming tech- 
niques may be utilized depending upon the shape and 
size of the final product desired. A general discussion of 
the composition and preparation of hard confections 
may be found in H.A. LJeberman, Pharmaceutical Dos- 
age Forms: Tablets, Volume 1 (1980), Marcel Dekker, 
Inc., New York, N.Y. at pages 339 to 469, which disclo- 
sure is incorporated herein by reference. 

The apparatus useful in accordance with the 
present invention comprises cooking and mixing appa- 
ratus well known in the confectionery manufacturing 
arts, and therefore the selection of the specific appara- 
tus will be apparent to the artisan. 

In contrast, compressed tablet confections contain 
particulate materials and are formed into structures 
under pressure. These confections generally contain 
sugars in amounts up to about 95%, by weight of the 
composition, and typical tablet excipients such as bind- 
ers and lubricants as well as flavoring agents, coloring 
agents and the like. 

In addition to hard confectionery materials, the loz- 
enges of the present invention may be made of soft con- 
fectionery materials such as those contained in nougat. 
The preparation of soft confections, such as nougat, 
involves conventional methods, such as the combina- 
tion of two primary components, namely (1) a high boil- 
ing syrup such as a corn syrup, hydrogenated starch 
hydrolysate or the like, and (2) a relatively light textured 
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frappe, generally prepared from egg albumin, gelatin, 
vegetable proteins, such as soy derived compounds, 
sugarless milk derived compounds such as milk pro- 
teins, and mixtures thereof. The frappe is generally rel- 
atively light and may, for example, range in density from 5 
about 0.5 to about 0.7 grams/cc. 

the high boiling syrup, or "bob syrup" of the soft 
confectionery is relatively viscous and has a higher den- 
sity than the frappe component, and frequently contains 
a substantial amount of carbohydrate bulking agent 10 
such as a hydrogenated starch hydrolysate. Conven- 
tionally, the final nougat composition is prepared by the 
addition of the "bob syrup" to the frappe under agitation, 
to form the basic nougat mixture. Further ingredients 
such as flavoring agents, additional carbohydrate bulk- is 
ing agent, coloring agents, preservatives, medicaments, 
mixtures thereof and the like may be added thereafter 
also under agitation. A general discussion of the com- 
position and preparation of nougat confections may be 
found in B.W. Minifie, Chocolate, C ocoq and Corrfec- 20 
tionerv : Science and Technology, 2nd edition, AVI Pub- 
lishing Ca, Inc., Westport, Conn. (1980), at pages 424- 
425, which disclosure is incorporated herein by refer- 
enca 

The procedure for preparing the soft confectionery 25 
involves known procedures. In general, the frappe com- 
ponent is prepared first and thereafter the syrup compo- 
nent is slowly added under agitation at a temperature of 
at least about 65° C, and preferably at least about 1 00° 
C. The mixture of components is continued to be mixed 30 
to form a uniform mixture, after which the mixture is 
cooled to a temperature below 80° C, at which point 
the flavoring agent may be added. The mixture is further 
mixed for an additional period until it is ready to be 
removed and formed into suitable confectionery 35 
shapes. 

The ingestiWe therapeutic compositions may also 
be in the form of a pharmaceutical suspension. Phar- 
maceutical suspensions of this invention may be pre- 
pared by conventional methods long established in the 40 
art of pharmaceutical compounding. Suspensions may 
contain adjunct materials employed in formulating the 
suspensions of the art. The suspensions of the present 
invention can comprise: 

45 

(a) preservatives such as butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), benzoic 
acid, ascorbic acid, methyl paraben, propyl 
paraben, tocopherols, and the like, and mixtures 
thereof. Preservatives are generally present in so 
amounts up to about 1%, and preferably from about 
0.05% to about 0.5%, by weight of the suspension; 

(b) buffers such as citric acid-sodium citrate, phos- 
phoric acid-sodium phosphate, and acetic acid- 
sodium acetate in amounts up to about 1%, and 55 
preferably from about 0.05% to about 0.5%, by 
weight of the suspension; 

(c) suspending agents or thickeners such as cellu- 
losics like methylcellulose, carrageenans like 



alginic acid and its derivatives, xanthan gums, gela- 
tin, acacis, and microcrystalline cellulose in 
amounts up to about 20%, and preferably from 
about 1% to about 15%, by weight of the suspen- 
sion; 

(d) ant rfoaming agents such as dimethyl polysi- 
loxane in amounts up to about 0.2%, and preferably 
from about 0.01% to about 0.1%, by weight of the 
suspension; 

(e) sweetening agents such as those sweeteners 
well known in the art, including both natural and 
artificial sweeteners. Sweetening agents such as 
monosaccharides, disaccharides and polysaccha- 
rides such as xylose, ribose, glucose (dextrose), 
mannose, galactose, fructose (levulose), sucrose 
(sugar), maltose, invert sugar (a mixture of fructose 
and glucose derived from sucrose), partially hydro- 
lyzed starch, corn syrup solids, dihydrochalcones, 
monellin, steviosides, glycyrrhizin, and sugar alco- 
hols such as sorbitol, mannitol, maitrtol, hydrogen- 
ated starch hydrolysates and mixtures thereof may 
be utilized in amounts up to about 60%, and prefer- 
ably from about 20% to about 50%, by weight of the 
suspension. Water-soluble artificial sweeteners 
such as soluble saccharin salts, i.e., sodium or cal- 
cium saccharin salts, cyclamate salts, the sodium, 
ammonium or calcium salt of 3,4-dihydro-6-methyl- 
1,2,3-oxathiazine-4-one-2,2-cfiQxide, the potassium 
salt of 3,4-dihydra-6-methyl-1,2,3-Qxathiazine-4- 
one-2,2-dioxide (Acesulfame-K), the free add form 
of saccharin, and the like may be utilized in 
amounts from about 0.00 1 % to about 5%, by weight 
of the suspension; 

(f) flavoring agents such as those flavors well 
known to the skilled artisan, such as natural and 
artificial flavors and mints, such as peppermint, 
menthol, citrus flavors such as orange and lemon, 
artificial vanilla, cinnamon, various fruit flavors, both 
individual and mixed and the like may be utilized in 
amounts from about 0.5% to about 5%, by weight of 
the suspension; 

(g) coloring agents such as pigments which may be 
incorporated in amounts up to about 6%, by weight 
of the suspension. A preferred pigment, titanium 
dioxide, may be incorporated in amounts up to 
about 2%, and preferably less than about 1%, by 
weight of the suspension. The coloring agents may 
also include natural food colors and dyes suitable 
for food, drug and cosmetic applications. These col- 
orants are known as F.D.& C. dyes and lakes. The 
materials acceptable for the foregoing uses are 
preferably water-soluble. Such dyes are generally 
present in amounts up to about 0.25%, and prefer- 
ably from about 0.05% to about 0.2%, by weight of 
the suspension; 

(h) decolorizing agents such as sodium metabi- 
sulfrte, ascorbic acid and the like may be incorpo- 
rated into the suspension to prevent color changes 
due to aging. In general, decolorizing agents may 
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be used in amounts up to about 0.25%, and prefer- 
ably from about 0.05% to about 0.2%, by weight of 
the suspension; and 

(i) solubilizers such as alcohol, propylene glycol, 
polyethylene glycol, and the like may be used to s 
solubilize the flavoring agents. In general, solubiliz- 
ing agents may be used in amounts up to about 
1 0%, and preferably from about 2% to about 5%, by 
weight of the suspension. 

10 

The pharmaceutical suspensions of the present 
invention may be prepared as follows: 

(A) admix the thickener with water heated from 
about 40° C. to about 95° C, preferably from about is 
40° C. to about 70° C, to form a dispersion if the 
thickener is not water soluble or a solution if the 
thickener is water soluble; 

(B) admix the sweetening agent with water to form 

a solution; 20 

(C) admix the therapeutic composition with the 
thickener-water admixture to form a uniform thick- 
ener-therapeutic composition; 

(D) combine the sweetener solution with the thick- 
ener-therapeutic composition and mix until uniform; 25 
and 

(E) admix the optional adjunct materials such as 
coloring agents, flavoring agents, decolorants, solu- 
bilizers, antifoaming agents, buffers and additional 
water with the mixture of step (D) to form the sus- 30 
pension. 

The ingestible therapeutic compositions of this 
invention may also be in chewable form. To achieve 
acceptable stability and quality as well as good taste 35 
and mouth feel in a chewable formulation several con- 
siderations are important These considerations include 
the amount of active substance per tablet, the flavoring 
agent employed, the degree of compressibility of the 
tablet and the organoleptic properties of the compos i- 40 
tion. 

Chewable therapeutic candy is prepared by proce- 
dures similar to those used to make soft confectionery. 
In a typical procedure, a boiled sugar-corn syrup blend 
is formed to which is added a frappe mixture. The boiled 45 
sugar-corn syrup blend may be prepared from sugar 
and corn syrup blended in parts by weight ratio of about 
90:10 to about 10:90. The sugar-corn syrup blend is 
heated to temperatures above about 120° C. to remove 
water and to form a molten mass. The frappe is gener- so 
ally prepared from gelatin, egg albumin, milk proteins 
such as casein, and vegetable proteins such as soy pro- 
tein, and the like, which is added to a gelatin solution 
and rapidly mixed at ambient temperature to form an 
aerated sponge like mass. The frappe is then added to ss 
the molten candy mass and mixed until horn geneous 
at temperatures between about 65° C. and about 120° 
C. 

The ingestible therapeutic composition of the 



instant invention can then be added to the homogene- 
ous mixture as the temperature is lowered to about 65° 
C.-95 0 C. whereupon additional ingredients can then be 
added such as flavoring agents and coloring agents. 
The formulation is further cooled and formed into pieces 
of desired dimensions. 

A general discussion of the lozenge and chewable 
tablet forms of confectionery may be found in H.A. Lie- 
berman and L Lachman, Pharmaceutical Dosage 
Forms: Tablets Volume 1, Marcel Dekker, Inc., New 
Vbrk, N.Y. at pages 289 to 466. which disclosure is 
incorporated herein by reference. 

In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
present invention may be admixed into the hard and soft 
confectionery products. These amounts are readily 
determined by those skilled in the art without the need 
for undue experimentation. In a preferred embodiment, 
the ingestible therapeutic composition will comprise the 
therapeutic composition in an amount from about 0.1% 
to about 10% and an ingestible vehicle, that is a phar- 
maceutically acceptable carrier, in a quantity sufficient 
to bring the total amount of composition to 100%, by 
weight the ingestible therapeutic composition. In a more 
preferred embodiment, the ingestible composition will 
comprise the therapeutic composition in an amount 
from about 0.1% to about 5%, and in a most preferred 
embodiment, the ingestible composition will comprise 
the therapeutic composition in an amount from about 
0.1% to about 2%, and an ingestible vehicle in a quan- 
tity sufficient to bring the total amount of composition to 
100%, by weight the ingestible therapeutic composition. 

The present invention extends to methods of mak- 
ing the ingestible therapeutic compositions. In such 
methods, an ingestible therapeutic composition is pre- 
pared by admixing a therapeutically effective amount of 
the therapeutic composition with a pharmaceutically- 
acceptable carrier. The apparatus useful in accordance 
with the present invention comprises mixing and heat- 
ing apparatus well known in the confectionery arts, and 
therefore the selection of the specific apparatus will be 
apparent to the artisan. The final ingestible therapeutic 
compositions are readily prepared using methods gen- 
erally known in the confectionery arts. 

The therapeutic compositions may also be incorpo- 
rated into chewing gums. In this form of the invention, 
the chewing gum composition contains a gum base, a 
bulking agent, the inventive therapeutic composition, 
and various additives. 

The gum base employed will vary greatly depend- 
ing upon various factors such as the type of base 
desired, the consistency of gum desired and the other 
components used in the composition to make the final 
chewing gum product. The gum base may be any water- 
insoluble gum base known in the art, and includes those 
gum bases utilized for chewing gums and bubble gums. 
Illustrative examples of suitable polymers in gum bases 
include both natural and synthetic elastomers and rub- 
bers. For example, those polymers which are suitable 
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as gum bases include, without limitation, substances of 
vegetable origin such as chicle, crown gum, nispero, 
rosadinha, jelutong, perillo. niger gutta, tunu, balata, 
gutta-percha, lechi-capsi, sorva, gutta kay, mixtures 
thereof and the like. Synthetic elastomers such as buta- 5 
diene-styrene copolymers, polyisobutylene, isobuty- 
lene-isoprene copolymers, polyethylene, mixtures 
thereof and the like are particularly useful. 

The gum base may include a non-toxic vinyl poly- 
mer, such as polyvinyl acetate and its partial hydro- 10 
lysate, polyvinyl alcohol, and mixtures thereof. When 
utilized, the molecular weight of the vinyl polymer may 
range from about 2,000 up to and including about 
94,000. 

The amount of gum base employed will vary greatly 15 
depending upon various factors such as the type of 
base used, the consistency of the gum desired and the 
other components used in the composition to make the 
final chewing gum product In general, the gum base will 
be present in amounts from about 5% to about 94%, by 20 
weight of the final chewing gum composition, and pref- 
erably in amounts from about 15% to about 45%, and 
more preferably in amounts from about 15% to about 
35%, and most preferably in amounts from about 20% 
to about 30%, by weight of the final chewing gum com- 25 
position. 

The gum base composition may contain conven- 
tional elastomer solvents to aid in softening the elas- 
tomer base component. Such elastomer solvents may 
comprise terpinene resins such as polymers of alpha- 30 
pinene or beta-pinene, methyl, glycerol or pentaerythri- 
tol esters of rosins or modified rosins and gums, such as 
hydrogenated, dimerized or polymerized rosins or mix- 
tures thereof. Examples of elastomer solvents suitable 
for use herein include the pentaerythrrtol ester of par- 35 
tially hydrogenated wood or gum rosin, the pentaeryth- 
ritol ester of wood or gum rosin, the glycerol ester of 
wood rosin, the glycerol ester of partially dimerized 
wood or gum rosin, the glycerol ester of polymerized 
wood or gum rosin, the glycerol ester of tall oil rosin, the 40 
glycerol ester of wood or gum rosin and the partially 
hydrogenated wood or gum rosin and the partially 
hydrogenated methyl ester of wood or rosin, mixtures 
thereof, and the like. The elastomer solvent may be 
employed in amounts from about 5% to about 75%, by 45 
weight of the gum base, and preferably from about 45% 
to about 70%, by weight of the gum base. 

A variety of traditional ingredients may be included 
in the gum base in effective amounts such as plasticiz- 
ers or softeners such as lanolin, palmitic acid, oleic acid, so 
stearic acid, sodium stearate, potassium stearate, glyc- 
eryl triacetate, glyceryl lecithin, glyceryl monostearate, 
propylene glycol monostearate. acetylated monoglycer- 
ide, glycerine, mixtures thereof, and the like may also be 
incorporated into the gum base to obtain a variety of 55 
desirable textures and consistency properties. Waxes, 
for example, natural and synthetic waxes, hydrogenated 
vegetable oils, petroleum waxes such as polyurethane 
waxes, polyethylene waxes, paraffin waxes, microcrys- 



talline waxes, fatty waxes, sorbitan monostearate, tal- 
low, propylene glycol, mixtures thereof, and the like may 
also be incorporated into th gum base to obtain a vari- 
ety of desirable textures and consistency properties. 
These traditional additional materials are generally 
employed in amounts up to about 30%, by weight of the 
gum base, and preferably in amounts from about 3% to 
about 20%, by weight of the gum base. 

The gum base may include effective amounts of 
mineral adjuvants such as calcium carbonate, magne- 
sium carbonate, alumina, aluminum hydroxide, alumi- 
num silicate, talc, tricalcium phosphate, dicalcium 
phosphate and the like as well as mixtures thereof. 
These mineral adjuvants may serve as fillers and tax- 
tural agents. These fillers or adjuvants may be used in 
the gum base in various amounts. Preferably the 
amount of filler when used will be present in an amount 
up to about 60%, by weight of the chewing gum base. 

The chewing gum base may additionally include the 
conventional additives of coloring agents, antioxidants, 
preservatives and the like. For example, titanium dioxide 
and other dyes suitable for food, drug and cosmetic 
applications, known as F.D. & C. dyes, may be utilized. 
An antioxidant such as butyiated hydroxytoluene (BHT), 
butylated hydroxyanisole (BHA), propyl gallate, and 
mixtures thereof, may also be included. Other conven- 
tional chewing gum additives known to one having ordi- 
nary skill in the chewing gum art may also be used in 
the chewing gum base. 

The gum composition may include effective 
amounts of conventional additives selected from the 
group consisting of sweetening agents (sweeteners), 
plasticizers, softeners, emulsrfiers, waxes, fillers, bulk- 
ing agents, mineral adjuvants, flavoring agents (flavors, 
flavorings), coloring agents (colorants, colorings), anti- 
oxidants, addulants, thickeners, mixtures thereof and 
the like. Some of these additives may serve more than 
one purpose. For example, in sugarless gum composi- 
tions, the sweetener, e.g., sorbitol or other sugar alcohol 
or mixtures thereof, may also function as a bulking 
agent. Similarly, in sugar containing gum compositions, 
the sugar sweetener can also function as a bulking 
agent. 

The plasticizers, softeners, mineral adjuvants, col- 
orants, waxes and antioxidants discussed above as 
being suitable for use in the gum base may also be used 
in the gum composition. Examples of other conventional 
additives which may be used include emulsrfiers, such 
as lecithin and glyceryl monostearate, thickeners, used 
alone or in combination with other softeners, such as 
methyl cellulose, alginates, carrageenan, xanthan gum, 
gelatin, carob, tragacanth, locust bean, and carboxy 
methyl cellulose, acidularrts such as malic acid, adipic 
acid, citric acid, tartaric acid, fumaric acid, and mixtures 
thereof, and fillers, such as those discussed above 
under the category of mineral adjuvants. Th fillers 
when used may be utilized in an amount up to about 
60%, by weight of the gum composition. 

Bulking agents (carriers, extenders) suitable for use 
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in chewing gums include sweetening agents selected 
from the group consisting of monosaccharides, disac- 
charides, poly-saccharides, sugar alcohols, and mix- 
tures thereof; polydextrose; maltodextrins; minerals, 
such as calcium carbonate, talc, titanium dioxide, dical- 5 
cium phosphate, and the like. Bulking agents may be 
used in amounts up to about 90%, by weight of the final 
gum composition, with amounts from about 40% to 
about 70%, by weight of the gum composition being 
preferred , with from about 50% to about 65%, by w 
weight, being more preferred and from about 55% to 
about 60%, by weight of the chewing gum composition, 
being most preferred. 

The sweetening agent used may be selected from a 
wide range of materials including water-soluble sweet- 15 
eners. water-soluble artificial sweeteners, water-soluble 
sweeteners derived from naturally occurring water-solu- 
ble sweeteners, dipeptide based sweeteners, and pro- 
tein based sweeteners, including mixtures thereof. 
Without being limited to particular sweeteners, repre- 20 
sentative categories and examples include: 

(a) water-soluble sweetening agents such as mon- 
osaccharides, disaccharides and polysaccharides 
such as xylose, ribulose, glucose (dextrose), man- 25 
nose, galactose, fructose (levulose), sucrose 
(sugar), maltose, invert sugar (a mixture of fructose 
and glucose derived from sucrose), partially hydro- 
lyzed starch, corn syrup solids, dihydrochalcones, 
monellin, steviosides, glycyrrhizin, and sugar alco- 30 
hols such as sorbitol, mannitol, maltitol, hydrogen- 
ated starch hydrolysates and mixtures thereof; 

(b) water-soluble artificial sweeteners such as solu- 
ble saccharin salts, i.a, sodium or calcium saccha- 
rin salts, cyclamate salts, the sodium, ammonium ss 
or calcium salt of 3,4-dihydro-6-methyl-1,2,3- 
oxathiazine-4-one-2,2-dioxide, the potassium salt 

of 3,4-dihydro-6-methyl-1 ,2,3-oxathiazine-4-one- 
2,2-dioxide (Acesurfame-K), the free acid form of 
saccharin, and the like; 40 

(c) dipeptide based sweeteners, such as L-aspartic 
acid derived sweeteners, such as L-aspartyl-L-phe- 
nylalanine methyl ester (Aspartame) and materials 
described in United States patent no. 3,492,131, L- 
alpha-aspartyl-N-(2,2,4,4-tetramethyl-3-thietanyl)- 45 
D-alaninamide hydrate (Alitame), methyl esters of 
L-aspartyl-L-phenylglycerine and L-aspartyl-L-2,5- 
dihydrophenylglycine. L-aspartyl-2,5-dihydro-L- 
phenylalanine; L-aspartyl-L-(1 -cyclohexen)- 
alanine, and the like; so 

(d) water-soluble sweeteners derived from naturally 
occurring water-soluble sweeteners, such as chlo- 
rinated derivatives of ordinary sugar (sucrose), 
known, for example, under the product designation 

of Sucralose; and 55 

(e) protein based sweeteners such as thaumaoc- 
cous danietli (Thaumatin I and II). 

In general, an effective amount of sweetener is uti- 



lized to provide the level of bulk and/or sweetness 
desired, and this amount will vary with the sweetener 
selected. This amount of sweetener will normally be 
present in amounts from about 0.0025% to about 90%. 
by weight of the gum composition, depending upon the 
sweetener used. The exact range of amounts for each 
type of sweetener is well known in the art and is not the 
subject of the present invention. The amount of sweet- 
ener ordinarily necessary to achieve the desired level of 
sweetness is independent from the flavor level achieved 
from flavor oils. 

Preferred sugar based-sweeteners are sugar 
(sucrose), corn syrup and mixtures thereof. Preferred 
sugarless sweeteners are the sugar alcohols, artificial 
sweeteners, dipeptide based sweeteners and mixtures 
thereof. Preferably, sugar alcohols are used in the sug- 
arless compositions because these sweeteners can be 
used in amounts which are sufficient to provide bulk as 
well as the desired level of sweetness. Preferred sugar 
alcohols are selected from the group consisting of sorb- 
itol, xyiitol, maltitol, mannitol. and mixtures thereof. 
More preferably, sorbitol or a mixture of sorbitol and 
mannitol is utilized. The gamma form of sorbitol is pre- 
ferred. An artificial sweetener or dipeptide based sweet- 
ener is preferably added to the gum compositions which 
contain sugar alcohols. 

The coloring agents useful in the gum compositions 
are used in amounts effective to produce the desired 
color. These coloring agents include pigments which 
may be incorporated in amounts up to about 6% by 
weight of the gum composition. A preferred pigment, 
titanium dioxide, may be incorporated in amounts up to 
about 2%. and preferably less than about 1% by weight 
of the composition. The colorants may also include nat- 
ural food colors and dyes suitable for food, drug and 
cosmetic applications. These colorants are known as 
F.D.& C. dyes and lakes. The materials acceptable for 
the foregoing uses are preferably water-soluble. Illustra- 
tive nonlimiting examples include the indigoid dye 
known as F.D.& C. Blue No.2, which is the disodium salt 
of 5,5-irxJigotindisuifonic acid. Similarly, the dye known 
as RD.& C. Green No.1 comprises a triphenylmethane 
dye and is the monosodium salt of 4-[4-(N-ethyl-p-sulfo- 
niumbenzylamino) diphenylmethylene]-[1 -(N-ethyi-N-p- 
sulfbniumbenzyl)-delta-2,5-cyclohexadienoimine]. A full 
recitation of all F.D.& C. colorants and their correspond- 
ing chemical structures may be found in the Kirk-Oth- 
mer Encyclopedia of Chemical Technology, 3rd Edition, 
in volume 5 at pages 857-884, which text is incorpo- 
rated herein by reference. 

Suitable oils and fats usable in gum compositions 
include partially hydrogenated vegetable or animal fats, 
such as coconut oil, palm kernel oil, beef tallow, lard, 
and the like. These ingredients when used are generally 
present in amounts up to about 7%, by weight, and pref- 
erably up to about 3.5%, by weight of the gum composi- 
tion. 

In accordance with this invention, therapeutically 
effective amounts of the therapeutic compositions of the 
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present invention may be admixed into a chewing gum. 
These amounts are readily determined by those skilled 
in the art without the need for undue experimentation. In 
a preferred embodiment, the final chewing gum compo- 
sition will comprise the therapeutic composition in an 5 
amount from about 0.1% to about 10% and a chewing 
gum composition in a quantity sufficient to bring the 
total amount of composition to 100%, by weight of the 
chewing gum composition. In a more preferred embodi- 
ment, the final chewing gum composition will comprise 10 
the therapeutic composition in an amount from about 
0. 1% to about 5%, and in a most preferred embodiment, 
the final chewing gum composition will comprise the 
therapeutic composition in an amount from about 0.1% 
to about 2%, and a chewing gum composition in a quan- 15 
tity sufficient to bring the total amount of composition to 
100%, by weight of the chewing gum composition. 

The present invention extends to methods of mak- 
ing the therapeutic chewing gum compositions. The 
therapeutic compositions may be incorporated into an 20 
otherwise conventional chewing gum composition bus- 
ing standard techniques and equipment known to those 
skilled in the art. The apparatus useful in accordance 
with the present invention comprises mixing and heat- 
ing apparatus well known in the chewing gum manufac- 25 
turing arts, and therefore the selection of the specific 
apparatus will be apparent to the artisan. 

For example, a gum base is heated to a tempera- 
ture sufficiently high enough to soften the base without 
adversely effecting the physical and chemical make up 30 
of the base. The optimum temperatures utilized may 
vary depending upon the composition of the gum base 
used, but such temperatures are readily determined by 
those skilled in the art without undue experimentation. 

The gum base is conventionally melted at tempera- 35 
tures that range from about 60° C. to about 120° C. for 
a period of time sufficient to render the base moften. For 
example, the gum base may be heated under these 
conditions for a period of about thirty minutes just prior 
to being admixed incrementally with the remaining ao 
ingredients of the base such as the plastidzer, fillers, 
the bulking agent and/or sweeteners, the softener and 
coloring agents to piasticize the blend as well as to 
modulate the hardness, viscoelasticity and formability of 
the base. The chewing gum base is then blended with 45 
the therapeutic composition of the present invention 
which may have been previously blended with other tra- 
ditional ingredients. Mixing is continued until a uniform 
mixture of gum composition is obtained. Thereafter the 
gum composition mixture may be formed into desirable so 
chewing gum shapes. 

In a specific embodiment, the invention is directed 
at a therapeutic pharmaceutical composition for pre- 
venting and reducing injury to mammalian ceils, and 
increasing the resuscitation rate of injured mammalian 55 
cells, which comprises: 

(A) a therapeutically effective amount of a thera- 
peutic composition selected from the group consist- 



ing of: 
(D 



(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty adds are those 
fatty acids required for the resuscitation of 
injured mammalian cells; 

and 

(B) a pharmaceutical^ acceptable carrier. 

The pharmaceutical^ acceptable carrier may be 
selected from the group consisting of pharmaceutical 
appliances, topical vehicles, and ingestible vehicle. 

In another specific embodiment, the invention is 
directed at a method for preparing a therapeutic phar- 
maceutical composition for preventing and reducing 
injury to mammalian cells, and increasing the resuscita- 
tion rate of injured mammalian cells, which comprises 
the steps of : 

(A) providing a therapeutically effective amount of a 
therapeutic composition selected from the group 
consisting of: 



(D 



(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty adds are those 
fatty acids required for the resuscitation of 
injured mammalian cells; 

and 

(B) providing a pharmaceutical^ acceptable car- 
rier; and 

(C) admixing the therapeutic composition from step 
(A) and the pharmaceutically acceptable carrier 
from step (B) to form a therapeutic pharmaceutical 
composition. 

The present invention is further illustrated by the fol- 
lowing examples which are not intended to limit the 
effective scope of the claims. All parts and percentages 
in the examples and throughout the specification and 
claims are by weight of the final composition unless oth- 
erwise specified. 
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EXAMPLES 1-26 

These examples demonstrate a comparison of the 
viability of U937 monocytic cells after exposure of the 
cells to various antioxidants and combinations of anti- s 
oxidants. These examples also demonstrate a compari- 
son of the levels of hydrogen peroxide produced by 
U937 monocytic cells and mammalian epidermal kerat- 
inocytes after exposure of the cells to various antioxi- 
dants and combinations of antioxidants. 10 

Mammalian epidermal keratinocytes and mono- 
cytes were employed to examine the ability of various 
antioxidants to reduce levels of hydrogen peroxide in 
these ceils. Hydrogen peroxide was measured after the 
cells were exposed to ultraviolet light in the wavelength is 
range from 290 to 320 nm (UV-B) or to the inflammatory 
compound 1 2-0-tetradecanoyl-phorbol-1 3-acetate 
(TPA). Sodium pyruvate was tested at various concen- 
trations to determine the effect of concentrations of this 
antioxidant on the hydrogen peroxide production by epi- 20 
dermal cells and monocytes. Magnesium pyruvate, cal- 
cium pyruvate, zinc pyruvate, and combinations of 
sodium pyruvate with ascorbic acid, lactic add, and 
vitamin E were then tested to determine the effect of 
these salts and combinations of antioxidants on the 25 
hydrogen peroxide production by epidermal cells and 
monocytes. 

Mammalian epidermal keratinocytes were isolated 
by trypsinization of epithelial sheets and grown in modi- 
fi d basal MCDB 153 medium supplemented with epi- 30 
dermal growth factor, bovine pituitary extract, and 
hydrocortisone. Cells were maintained in a humidified 
incubator with 5% carbon dioxide at 37 °C. Keratinoc- 
ytes were seeded in 60 mm culture dishes at a cell den- 
sity of 3 x 10 5 cells per dish and the cultures were 35 
exposed to 1 M.E.D. dose of ultraviolet-B light (100 
mJ/cm 2 ) or treated with 100 ng/ml of TPA. 

U937 monocytic cells are a cultured cell line grown 
in RPMI media with 10% fetal calf serum. Cells were 
maintained in a 60 mm culture dish at 5% carbon diox- 40 
ide at 37 °C. at a seeding density not exceeding 1 x 1 0 6 
cells per dish. 

Sodium pyruvate, lactic acid, ascorbic acid, and 
Vitamin E were dissolved in distilled water. The concen- 
trations of the sodium pyruvate solutions prepared were 45 
1 mM, 10 mM, 50 mM, 100 mM, and 200 mM. The con- 
centrations of the lactic acid solutions prepared were 
1.0%, 0.1%, and 0.05%. The concentrations of the 
ascorbic acid solutions prepared were 1.0%, 0.1%, 
0.05%, and 0.025%. The concentrations of the Vitamin so 
E solutions prepared were 1 U, 10 U, 50 U, and 100 U. 
The test solutions were adjusted to a phi value of 7.4 
with 1.0N sodium hydroxide solution and then sterile fil- 
tered. The appropriate concentration of test solution or 
combination of test solutions was added to the cells ss 
immediately prior to exposure of the cells to ultraviolet 
light-B or TPA [100ng/ml]. Stock solutions were pre- 
pared so that the vehicle did not constitute more than 
1% of the total volume of the culture media. 



Intracellular hydrogen peroxide production by mam- 
malian epidermal keratinocytes and U937 monocytes 
was measured using dichlorofluorescein diacetate 
(DCFH-DA, Molecular Probes, Eugene, Ore.). DCFH- 
DA is a non-polar non-fluorescent compound that read- 
ily diffuses into cells where it is hydrolyzed to the polar 
non-fluorescent derivative DCFH which then becomes 
trapped within the ceils. In the presence of intracellular 
hydrogen peroxide, DCFH is oxidized to the highly fluo- 
rescent compound DCF. Hence, cellular fluorescence 
intensity is directly proportional to the level of intracellu- 
lar hydrogen peroxide produced. Cellular fluorescence 
intensity can be monitored by fluorimetry and by flow 
cytometry. 

Mammalian epidermal keratinocytes and U937 cul- 
tured monocytes (1 x 10 6 per dish) were incubated at 37 
°C. with 5 uM of DCFH-DA Production of hydrogen per- 
oxide was measured using a Coulter Profile analytical 
flow cytometer. Linear and log intensity of green fluores- 
cence data was collected. For each analysis, a quantity 
of 10,000 to 20,000 events was accumulated. Optical 
alignment for the instrument was performed daily. Coef- 
ficients of variation for forward angle light scatter and 
integrated green fluorescence were generally less than 
two. Each analysis was repeated three times and the 
quantitation of fluorescence was expressed in terms of 
femtomoles (fmol, 10" 15 moles) of DCF oxidized per 
cell, which is a direct measure of the intracellular hydro- 
gen peroxide produced. Alternatively; in the saturated 
and unsaturated fatty acid examples in examples 27-52, 
fluorimetry was used to assess the DCF oxidation per 
cell. 

The viability of the U937 monocytic cells after expo- 
sure of the cells to various antioxidants for 24 hours was 
measured. The viability of the cells was determined by 
exposing the cells to the dye propidium iodide. Permea- 
ble cell membranes which absorbed the dye were not 
considered viable. The viability of the cells was repre- 
sented as the percentage of cells that excluded propid- 
ium iodide. FIGURE 1 depicts in bar graph format the 
viability of U937 monocytic cells after exposure of the 
cells to no antioxidant (Example 1 , control), to sodium 
pyruvate (Example 2), to ascorbic acid (Example 3), to 
lactic acid (Example 4), and to Vitamin E (Example 5). 
FIGURE 2 depicts in bar graph format the viability of 
U937 monocytic ceils after exposure of the cells to vari- 
ous combinations of antioxidants. Specifically, the via- 
bility of U937 monocytic cells was measured after 
exposure to no antioxidant (Example 6, control), to 
ascorbic acid and lactic acid (Example 7), to ascorbic 
acid and Vitamin E (Example 8), to sodium pyruvate 
and ascorbic acid (Example 9), to sodium pyruvate and 
lactic acid (Example 10), to sodium pyruvate and Vita- 
min E (Example 1 1), to lactic acid and Vitamin E (Exam- 
ple 12), and to sodium pyruvate, ascorbic acid, and 
lactic acid (Example 13). 

FIGURE 1 shows that ascorbic acid is cytotoxic to 
monocytes at concentrations as low as 0.25%. FIGURE 
2 shows that the cytotoxicity of ascorbic acid was 
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reversed by the addition off 10 mM of sodium pyruvate. 
FIGURES 1 and 2 show that the viability rate of 15% to 
20% of the cells when treated with ascorbic add was 
increased to 95% to 98% upon addition off sodium pyru- 
vate. Lactic acid and Vitamin E did not reverse the cyto- 5 
toxicity of ascorbic acid. 

Sodium pyruvate was then tested at various con- 
centrations to determine the effect of concentrations of 
this antioxidant on the hydrogen peroxide production by 
epidermal cells and monocytes. Mammalian epidermal 10 
keratinocytes and monocytes were exposed to (a) 1 
M.E.D. dose of ultraviolet light-B and (b) 100 ngAnl of 
12-0-tetradecanoylphorbol-13-acetate (TPA) in the 
presence of sodium pyruvate at the following concentra- 
tions: 200 mM, 100 mM, 50 mM, 10 mM, 1 mM. is 

The optimum concentration of sodium pyruvate to 
reduce the hydrogen peroxide production by epidermal 
cells and monocytes was found to be 10 mM. Concen- 
trations of sodium pyruvate of 50 mM and above were 
cytotoxic to both epidermal keratinocytes and mono- 20 
cytes. 

Magnesium pyruvate, calcium pyruvate, zinc pyru- 
vate, ascorbic acid, lactic acid, and Vitamin E, and com- 
binations of sodium pyruvate with ascorbic acid, lactic 
acid, and Vitamin E were then tested to determine the 25 
effect of these salts and combinations of antioxidants on 
the hydrogen peroxide production by epidermal cells 
and monocytes. The following test solutions were pre- 
pared. 

(a) sodium pyruvate [10 mM]; 

(b) zinc salt [10 mM]; 

(c) magnesium salt [10 mM]; 

(d) calcium salt [10 mM]; 

(e) sodium pyruvate [10 mM] and ascorbic acid 3s 
[0.025%]; 

(f) sodium pyruvate [10 mM] and lactic acid 
[0.05%]; 

(g) sodium pyruvate [10 mM), lactic acid, [0.05%], 
and ascorbic acid [0.025%]; 40 

(h) lactic acid [1 .0%. 0.1%, and 0.05%]; 

(i) ascorbic acid [1.0%, 0.1%, 0.05%, and 0.025%]; 
CD Vitamin E [1 U, 10 U, 50 U, and 100 Ifl; and 

(k) vehicle solvent controls. 

45 

There was no significant difference among the zinc, 
magnesium, and calcium salts of pyruvic acid on the 
hydrogen peroxide production by epidermal cells and 
monocytes. The zinc and calcium salts of pyruvic add 
induced differentiation of keratinocytes. For conven- so 
ience, the sodium salt was used in subsequent tests. 

The optimum concentration of lactic acid to reduce 
the hydrogen peroxide production by epidermal ceils 
and monocytes was found to be 0.05%. The optimum 
concentration of ascorbic acid was found to be 0.025%. ss 
The higher concentrations of both of these compounds 
were found to be cytotoxic to both types of cells. The 
optimum concentration of Vitamin E was found to be 50 
U. 



FIGURE 3 depicts in bar graph format the levels of 
hydrogen peroxide produced by U937 monocytic cells 
after exposure of the cells to no antioxidant (Example 
14, control), to sodium pyruvate (Example 15), to ascor- 
bic acid (Example 16), to lactic acid (Example 17), and 
to Vitamin E (Example 18). Sodium pyruvate and Vita- 
min E significantly reduced the hydrogen peroxide pro- 
duction by monocytes. 

FIGURE 4 depicts in bar graph format the levels of 
hydrogen peroxide produced by U937 monocytic cells 
after exposure of the cells to various combinations of 
antioxidants. Specifically, the levels of hydrogen perox- 
ide produced by U937 monocytic cells were measured 
after exposure to no antioxidant (Example 19, control), 
to ascorbic acid and lactic acid (Example 20), to ascor- 
bic add and Vitamin E (Example 21), to sodium pyru- 
vate and ascorbic acid (Example 22), to sodium 
pyruvate and lactic acid (Example 23), to sodium pyru- 
vate and Vitamin E (Example 24), to lactic add and Vita- 
min E (Example 25), and to sodium pyruvate, ascorbic 
add. and lactic add (Example 26). The combination of 
lactic acid (0.05%) and Vitamin E (50 U) significantly 
reduced the hydrogen peroxide production by mono- 
cytes. 

The morphological alterations in epidermal kerati- 
nocytes were observed in control cultures and in cul- 
tures exposed to uhravioJet-B. Cells in the layer closest 
to the dermis are basal keratinocytes. These cells prolif- 
erate and migrate into the spinous and granular layers 
of the epidermis where the cells begin to differentiate. 
The differentiation pattern results in cells enucleating 
and forming cornified envelopes at the uppermost por- 
tion of the epidermis, the statum corneum. The differen- 
tiation of keratinocytes is controlled by the levels of 
caldum, magnesium, and other elements in the 
medium. Cells in culture systems promoting differentia- 
tion appear as an epidermal sheet forming attachments 
or tight junctions with each other. Keratinocytes that 
become nonadherent or float in the media were consid- 
ered responding to a cytotoxic event 

The following morphological alterations in the mam- 
malian epidermal keratinocytes were observed for the 
following control cultures: 

10 mM Sodium Pyruvate : Tight junctions of cells 
were formed and the proliferation rate of the cells 
was higher than the rate of the control cells. 

0.025% Ascorbic Acid : Cells were floating in a cyto- 
toxic response to ascorbic acid. 

0.025% Ascorbic aci d and 10 mM Sodium Pyru- 
vate : Few tight junctions of cells were observed and 
cells appeared similar to the cells in the sodium 
pyruvate culture. 

0.05% Lactic Acid : Cells appeared dramatically 
altered as an epidermal sheet and as flat granular 
cells. 
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0.05% Lactic Acid and 10 mM Sodium Pyruvate : 
Cells formed an epidermal sheet but appeared 
smaller than the cell in the lactic acid culture. 

50 U Vitamin E : Cells appeared the same as the s 
cells in the control culture. 

EXAMPLES 27-52 

These examples demonstrate a comparison of the w 
levels of hydrogen peroxide produced by U937 mono- 
cytic cells and epidermal keratinocytes after exposure 
of the cells to various combinations of antioxidants with 
and without a mixture of saturated and unsaturated fatty 
acids. 75 

Mammalian epidermal keratinocytes and U937 
monocytic cells and the test solutions of sodium pyru- 
vate, lactic add, ascorbic acid, and Vitamin E were pre- 
pared as describe above for Examples 1-26. 
Intracellular hydrogen peroxide production by the mam- 20 
malian epidermal keratinocytes and U937 monocytes 
was also measured as described above. 

A mixture of fatty acids derived from chicken fat was 
prepared for addition to the cultured cells by mixing 
0.1% of the chicken fat with the culture media. At the 25 
temperature of the culture media, 37 °C, the chicken fat 
was miscible. This chicken fat mixture was added to cul- 
tures of cells prior to exposure of the cells to ultraviolet- 
B light or TPA treatment. 

As set out in examples 1 -26, mammalian epidermal 30 
keratinocytes and monocytes were exposed to (a) 1 
M.E.D. dose of ultraviolet light-B and (b) 100 ng/rnl of 
12-0-tetradecanoylphorbol-13-acetate in the presence 
of various antioxidants and combinations of antioxidants 
with and without a mixture of saturated and unsaturated 35 
fatty acids [0.1%, 0.5%, and 1.0% chicken fat]. 

FIGURE 6 depicts in bar graph format the levels of 
hydrogen peroxide produced by epidermal keratinoc- 
ytes after exposure of the cells to various antioxidants 
with and without a mixture of saturated and unsaturated 40 
fatty acids. Specifically, the levels of hydrogen peroxide 
produced by epidermal keratinocytes were measured 
after exposure to no antioxidant without fatty acids 
(Example 33. control) and with fatty acids (Example 34), 
to sodium pyruvate without fatty acids (Example 35) and 45 
with fatty acids (Example 36), to ascorbic acid without 
fatty acids (Example 37) and with fatty acids (Example 
38), to lactic acid without fatty acids (Example 39) and 
with fatty acids (Example 40), and to Vitamin E without 
fatty acids (Example 41) and with fatty acids (Example so 
42). The ability of sodium pyruvate and Vitamin E to 
reduce the hydrogen peroxide production by epidermal 
keratinocytes was increased in the presence of fatty 
acids. The most effective combinations to reduce the 
hydrogen peroxide production of epidermal keratinoc- 55 
ytes were sodium pyruvate in combination with a mix- 
ture saturated and unsaturated fatty acids and Vitamin 
E in combination with a mixture of saturated and 
unsaturated fatty acids. 



FIGURE 7 depicts in bar graph format the levels of 
hydrogen peroxide produced by epidermal keratinoc- 
ytes after exposure of the cells to various combinations 
of antioxidants with and without a mixture of saturated 
and unsaturated fatty acids. Specifically, the levels of 
hydrogen peroxide produced by epidermal keratinoc- 
ytes were measured after exposure to no antioxidant 
without fatty acids (Example 43, control) and with fatty 
adds (Example 44), to sodium pyruvate and ascorbic 
add without fatty acids (Example 45) and with fatty 
acids (Example 46), to sodium pyruvate and lactic acid 
without fatty acids (Example 47) and with fatty acids 
(Example 48), to sodium pyruvate and Vitamin E with- 
out fatty acids (Example 49) and with fatty acids (Exam- 
ple 50), and to ascorbic acid and Vitamin E without fatty 
adds (Example 51) and with fatty acids (Example 52). 
The ability of all combinations of antioxidants to reduce 
the hydrogen peroxide production by epidermal kerati- 
nocytes was increased in the presence of fatty acids. In 
order of potency, the most effective combinations to 
reduce the hydrogen peroxide production of epidermal 
keratinocytes were sodium pyruvate and Vitamin E, 
sodium pyruvate and lactic acid, and Vitamin E, each in 
combination with a mixture of saturated and unsatu- 
rated fatty acids (0.5%). 

Claims 

1. A therapeutic composition for preventing and 
redudng injury to mammalian cells, and increasing 
the resuscitation rate of injured mammalian cells, 
which comprises 

(a) a pyruvate selected from the group consist- 
ing of pyruvic acid, pharmaceutical^ accepta- 
ble salts of pyruvic acid, and mixtures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated fatty 
acids. 

2. The composition according to claim 1, wherein the 
mammalian cells comprise epidermal keratinocytes 
or monocytes. 

3. The composition according to claims 1 or 2. 
wherein the pyruvate is selected from the group 
consisting of pyruvic acid, lithium pyruvate, sodium 
pyruvate, potassium pyruvate, magnesium pyru- 
vate, calcium pyruvate, zinc pyruvate, manganese 
pyruvate, and mixtures thereof. 

4. The composition according to claim 3, wherein the 
pyruvate is sodium pyruvate. 

5. The composition according to claims 1 to 4, 
wherein the antioxidant is selected from the group 
consisting of retinol, 3,4-didehydroretinol, alpha- 
carotene, beta-carotene, gamma-carotene, delta- 
carotene, ascorbic acid, alpha-tocopherol, beta- 
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tocopherol, gamma-tocopherol, delta-tocopherol, 
and mixtures thereof. 

6- The composition according to claim 5, wherein the 
antioxidant is alpha-tocopherol. s 

7. The composition according to claim 1 to 6, wherein 
the mixture of saturated and unsaturated fatty acids 
comprises lauric acid, myristic acid, myristoieic 
acid, pentadecanoic add, palmitic acid, palmrtdeic 10 
acid, margaric acid, margaroleic acid, stearic acid, 
oleic acid, linoleic acid, linolenic acid, arachidic 
acid, and gaddoleic acid. 

8- The composition according to claim 7, wherein the is 
mixture of saturated and unsaturated fatty acids 
comprises human fat, chicken fat cow fat, sheep 
fat, horse fat, pig fat, and whale fat. 

9. The composition according to claims 1 to 8 wherein 20 
the single components pyruvate, antioxidant and 
fatty adds are present in the therapeutic composi- 
tion in an amount from about 1 0% to about 50%, by 
weight of the therapeutic composition. 

25 

10. A process for preparing a therapeutic composition 
for preventing and reducing injury to mammalian 
cells, and increasing the resuscitation rate of 
injured mammalian cells, which comprises the 
steps of admixing the ingredients according to any- 30 
one of the preceding daims 1 to 9. 

11. An augmented pharmaceutical composition having 
an enhanced ability to prevent and reduce injury to 
mammalian cells which comprises: 35 

(A) A therapeutic composition according to 
anyone of claims 1 to 9 

(B) a medicament useful for treating injured 
mammalian cells. ao 

12. The augmented pharmaceutical composition 
according to claim 11, wherein the medicament is 
selected from anti-inflammatories, antibacterial, 
antiseptics, burn relief medications, sun burn medi- 45 
cations, acne preparations, insect bite and sting 
medications, wound cleansers and wound dress- 
ings, stroke medications, autoimmune disease 
medications, arthritis medications, ulcer medica- 
tions, and cancer medications. so 

13. A cytoprotective pharmaceutical composition for 
preventing and redudng injury to mammalian cells 
from a medicament having cytotoxic properties 
which comprises: 55 

(A) a therapeutic composition according to any- 
one of daims 1 to 9 and 

(B) a medicament having cytotoxic properties. 



14. The cytoprotective pharmaceutical composition 
according to daim 13, wherein the medicament 
having cytotoxic properties is selected from the 
group consisting of epithelial ceil cohesiveness 
reducers, dermatologicaJ abradarrts, anti-inflamma- 
tories, lipid regulating agents, centrally acting anti- 
cholinesterases, chemotherapeutic drugs, and 
gastric irritants. 

15. The cytoprotective pharmaceutical composition 
according to daim 14, wherein the medicament 
having cytotoxic properties is selected from the 
group consisting of gemfibrozil, lovastatin, tacrine, 
and doxorubicin. 

16. A wound healing pharmaceutical composition to 
increase the resuscitation rate of injured mamma- 
lian cells which comprises: 

(A) a first wound healing component compris- 
ing a mixture of saturated and unsaturated fatty 
acids and 

(B) a second wound healing component con- 
sisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutically 
acceptable salts of pyruvic add, and mix- 
tures thereof; and 

(b) an antioxidant. 

1 7. A process for preparing an augmented pharmaceu- 
tical composition having an enhanced ability to pre- 
vent and reduce injury to mammalian cells which 
comprises the steps of: 

(A) providing a therapeutic composition 
selected from the group of consisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutically 
acceptable salts of pyruvic add, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids. 

(B) providing a medicament useful for treating 
injured mammalian cells; and 

(C) admixing the therapeutic composition from 
step (A) with the medicament from step (B) to 
prepare the augmented pharmaceutical com- 
position. 

18. A process for preparing a cytoprotective pharma- 
ceutical composition for preventing and reducing 
injury to mammalian cells from a medicament hav- 
ing cytotoxic properties which comprises the steps 
of: 
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(A) providing a therapeutic composition 
selected from the group consisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 5 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids; io 



(B) providing mammalian cells in a culture 
medium; and 

(C) contacting the therapeutic composition 
from step (A) with the mammalian cells in the 
culture medium from step (B). 

21. A therapeutic pharmaceutical composition for pre- 
venting and reducing injury to mammalian cells and 
increasing the resuscitation rate of injured mamma- 
lian cells, which comprises: 



(B) providing a medicament having cytotoxic 
properties; and 

(C) admixing the therapeutic composition from 
step (A) with the medicament from step (B) to 
prepare the cytoprotective pharmaceutical 
composition. 

19. A process for preparing a wound healing pharma- 
ceutical composition to increase the resuscitation 
rate of injured mammalian cells which comprises 
the steps of: 

(A) providing a first wound healing component 
comprising a mixture of saturated and unsatu- 
rated fatty acids; and 

(B) providing a second wound healing compo- 
nent consisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical^ 
acceptable salts of pyruvic acid, and mix- 
tures thereof and 

(b) an antioxidant; and 

(C) admixing the first wound healing compo- 
nent from step 

(A) with the second wound healing compo- 
nent from step 

(B) to prepare the wound healing pharma- 
ceutical composition. 

20. A process for preserving mammalian cells in a cul- 
ture medium which comprises the steps of: 

(A) providing a therapeutic composition 
selected from the group of consisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutical ly 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 

(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty acids are those 
fatty acids required for the resuscitation of 
injured mammalian cells; 
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(A) a therapeutically effective amount of a ther- 
apeutic composition according to anyone of 
claims 1 to 9 and 

(B) a pharmaceutical^ acceptable carrier. 

22. The pharmaceutical composition according to claim 
21, wherein the pharmaceutically acceptable car- 
rier is a pharmaceutical appliance. 

2a The pharmaceutical composition according to claim 
21 , wherein the pharmaceutically acceptable car- 
rier is a topical vehicle. 

24. The pharmaceutical composition according to claim 
21, wherein the pharmaceutically acceptable car- 
rier is an ingestible vehicle. 

25. A process for preparing a therapeutic pharmaceuti- 
cal composition for preventing and reducing injury 
to mammalian cells, and increasing the resuscita- 
tion rate of injured mammalian cells, which com- 
prises the steps of: 

(A) providing a therapeutically effective amount 
of a therapeutic composition according to any- 
one of claims 1 to 9, 

(B) providing a pharmaceutically acceptable 
carrier; and 

(C) admixing the therapeutic composition from 
step (A) and the pharmaceutically acceptable 
carrier from step (B) to form a therapeutic phar- 
maceutical composition. 

26. A process according to claim 25 for preparing a 
therapeutic pharmaceutical composition for pre- 
venting and reducing injury to mammalian cells, 
and increasing the resuscitation rate of injured 
mammalian cells, which comprises the steps of: 

(A) providing a therapeutically effective amount 
of a therapeutic composition selected from the 
group consisting of: 

(a) pyruvate selected from the group con- 
sisting of pyruvic acid, pharmaceutically 
acceptable salts of pyruvic acid, and mix- 
tures thereof; 

(b) an antioxidant; and 
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(c) a mixture of saturated and unsaturated 
fatty acids wherein the fatty acids are those 
fatty acids required for the resuscitation of 
injured mammalian ceils; 

(B) providing a pharmaceutical^ acceptable 
carrier; and 

(C) admixing the therapeutic composition from 
step (A) and the pharmaceutical^ acceptable 
carrier from step (B) to form a therapeutic phar- 
maceutical composition. 

Patentanspruche 



Olsdure, Linolsdure, Linolensaure, Arachidonsaure 
und Gadoleinsdure umfaBt. 

8. Mittel nach Anspruch 7, wobei das Gemisch aus 
s gesdttigten und ungesattigten Fettsauren menschli- 

ches Fett. Huhnerfett. Rinderfett, Schaffett, Pferde- 
fett, Schweinefett und Walfett umfaBt. 

9. Mittel nach AnsprOchen 1 bis 8, wobei die einzel- 
10 nen Komponenten Pyruvat, Antioxidationsmittel 

und Fettsauren in dem therapeutischen Mittel in 
einer Menge von etwa 10 bis etwa 50 Gew.-% des 
therapeutischen Mittels enthaften sind. 



1. Therapeutisches Mittel zur Verhinderung und Ver- 15 
minderung einer Schadigung bzw. Verletzung von 
Saugetierzellen und zur Steigerung der Wiederbe- 
lebungsgeschwindigkeit bzw. der Wiederbele- 
bungsrate verletzter Saugetierzellen, umfassend 

20 

(a) ein Pyruvat, ausgewahlt aus der Gruppe 
Brenztraubensaure, pharmazeutisch akzepta- 
ble SaJze der Brenztraubensaure und Mischun- 
gen hiervon; 

25 

(b) ein Antioxidationsmittel und 

(c) ein Gemisch gesattigter und ungesattigter 
Fettsauren. 

30 

2. Mittel nach Anspruch 1 , wobei es sich bei den Sau- 
getierzellen urn epidermale Keratinozyten Oder 
Monozyten handelt. 



10. Verfahren zur Gewinnung eines therapeutischen 
Mittels zur Verhinderung und Verminderung einer 
Schadigung bzw. Verletzung von Saugetierzellen 
und zur Steigerung der Wiederbelebungsgeschwin- 
digkeit bzw. -rate verletzter Saugetierzellen durch 
Vermischen der Bestandteile gemdB einem der vor- 
hergehenden AnsprQche 1 bis 9. 

11. Verstarkte Arzneimrttelzubereitung mit gesteigerter 
Fahigkeit zur Verhinderung und Verminderung 
einer Schadigung bzw. Verletzung von Saugetier- 
zellen, umfassend: 

(A) Ein therapeutisches Mittel nach einem der 
AnsprQche 1 bis 9 und 

(B) ein zur Behandlung geschadigter bzw. ver- 
letzter Saugetierzellen brauchbares Medika- 
ment. 



3. Mittel nach AnsprOchen 1 Oder 2, wobei das Pyru- 35 
vat aus der Gruppe Brenztraubensaure, Lithiumpy- 
ruvat Natriumpyruvat, Kaliumpyruvat, Magnesium- 
pyruvat, Calciumpyruvat, Zinkpyruvat Manganpy- 
ruvat und Mischungen hiervon ausgewdhlt tst. 

40 

4. Mittel nach Anspruch 3, wobei das Pyruvat aus 
Natriumpyruvat besteht. 

5. Mittel nach AnsprOchen 1 bis 4, wobei das Antioxi- 
dationsmittel aus der Gruppe Retinol, 3,4-Didehy- 45 
droretinol, alpha-Carotin, beta-Carotin, gamma- 
Carotin, delta-Carotin, Ascorbinsaure, alpha-Toco- 
pherol, beta-Tocopherol, gamma-Tocopherol, delta- 
Tocopherol und Mischungen hiervon ausgewahlt 

ist. so 



12. Verstarkte Arzneimittelzubereitung nach Anspruch 
11, wobei das Medikament aus entzQndungshem- 
menden Mittein, arrtfoakteriellen Mitteln, Antisep- 
tika, Verbrennungen lindemden Medikamenten, 
Mitteln gegen Sonnenbrand, Aknepraparaten, Mit- 
teln gegen Insektenbisse und -stiche, Wundreini- 
gungsmitteln und Wundverbanden, Mitteln gegen 
Schlaganfall, Mitteln gegen Autoimmunerkrankun- 
gen, Mitteln gegen Arthritis, Mitteln gegen 
Geschwure und Krebsmrtteln ausgewahlt ist. 

13. Zellenschutzende Arzneimittelzubereitung zur Ver- 
hinderung und Verminderung einer Schadigung 
bzw. Verletzung von Saugetierzellen durch ein 
Medikament mit cytotoxischen Eigenschaften, 
umfassend 



6. Mittel nach Anspruch 5, wobei das Antioxidations- 
mittel aus alpha-Tocopherol besteht. 

7. Mittel nach AnsprOchen 1 bis 6, wobei das Gemisch 55 
aus gesattigten und ungesdttigten Fettsduren Lau- 
rinsdure, Myristinsdure, Myristoleinsaure, Pentade- 
cansdure, Palmitinsaure, Palmrtoleinsaure, Mar- 
garinsdure, Margaroleinsdure, Stearinsaure, 



(A) Ein therapeutisches Mittel nach einem der 
AnsprQche 1 bis 9 und 

(B) ein Medikament mit cytotoxischen Eigen- 
schaften. 

14. Zellenschutzende Arzneimittelzubereitung nach 
Anspruch 13, wobei das Medikament mit cytotoxi- 



27 



53 



EP 0 573 465 B1 



54 



schen Eigenschaften aus der Gruppe Mittel zur 
Verminderung der Kohasivkraft von Epithelzellen, 
dermatologische Schleifmittel bzw. Ablflsung 
erzeugende Mittel, entzundungshemmende Mittel, 
Lipidsteuermittel, zentral wirkende Anticholine- 5 
sterasen, chemotherapeutische Mittel und Magen- 
reizmittel ausgewahlt ist 

15. Zellenschutzende Arzneimittelzubereitung nach 
Anspruch 14, wobei das Medikament mit cytotoxi- 10 
schen Eigenschaften aus der Gruppe Gemfibrozil, 
Lovastatin, Tacrin und Doxorubicin ausgewahlt ist. 

16. Arzneimittelzubereitung fOr die Wundheilung zur 
Steigerung der Wiederbelebungsgeschwindigkeit 75 
bzw. -rate geschadigter bzw. verletzter Saugetier- 
zellen, umfassend 

(A) eine erste Wundheilungskomponente, die 

ein Gemisch aus gesattigten und ungesattigten 20 
Fettsauren umfaGt, und 

(B) eine zweite Wundheilungskomponente, 
bestehend aus 

25 

(a) einem Pyruvat, ausgewahlt aus der 
Gruppe Brenztraubensdure, pharmazeu- 
tisch akzeptable Salze der Brenztrauben- 
sdure und Mischungen hiervon, und 

30 

(b) einem Antioxidationsmittel. 

17. Verfahren zur Gewinnung einer verstarkten Arznei- 
mittelzubereitung mit gesteigerter Fahigkeit zur 
Verhinderung und Verminderung einer Schadigung 35 
bzw. Verletzung von Saugetierzellen in folgenden 
Stufen: 

(A) Bereitstellen eines therapeutischen Mitteis, 
ausgewahlt aus der aus 40 

(a) einem Pyruvat, ausgewahlt aus der 
Gruppe Brenztraubensaure, pharmazeu- 
tisch akzeptable Salze der Brenztrauben- 
saure und Mischungen hiervon; 45 

(b) einem Antioxidationsmittel und 

(c) einem Gemisch aus gesattigten und 
ungesattigten Fettsauren so 

bestehenden Gruppe; 

(B) Bereitstellen eines Medikaments mit der 
Eignung zur Behandlung geschadigter bzw. 55 
verletzter Saugetierzellen und 

(C) Vermischen des therapeutischen Mitteis 
aus Stufe (A) mit dem Medikament aus Stufe 



(B) zur Gewinnung der verstarkten Arzneimit- 
telzubereitung. 

1& Verfahren zur Gewinnung einer zellenschutzenden 
Arzneimittelzubereitung zur Verhinderung und Ver- 
minderung einer Schadigung bzw. Verletzung von 
Saugetierzellen durch ein Medikament mit cytotoxi- 
schen Eigenschaften in folgenden Stufen: 

(A) Bereitstellen eines therapeutischen Mitteis, 
ausgewahlt aus der aus 

(a) einem Pyruvat, ausgewahlt aus der 
Gruppe Brenztraubensdure, pharmazeu- 
tisch akzeptable Salze der Brenztrauben- 
saure und Mischungen hiervon; 

(b) einem Antioxidationsmittel und 

(c) einem Gemisch aus gesattigten und 
ungesattigten Fettsauren 

bestehenden Gruppe; 

(B) Bereitstellen eines Medikaments mit cytoto 
xischen Eigenschaften und 

(C) Vermischen des therapeutischen Mitteis 
aus Stufe (A) mit dem Medikament aus Stufe 
(B) zur Gewinnung der zellenschutzenden Arz- 
neimittelzubereitung. 

19. Verfahren zur Gewinnung einer Arzneimittelzube- 
reitung fur die Wundheilung zur Steigerung der 
Wiederbelebungsgeschwindigkeit bzw. -rate 
geschadigter bzw. verletzter Saugetierzellen in fol- 
genden Stufen: 

(A) Bereitstellen einer ersten wundheilungs- 
komponente, die ein Gemisch aus gesattigten 
und ungesattigten Fettsauren umfaBt; 

(B) Bereitstellen einer zweiten wundheilungs- 
komponente, bestehend aus: 

(a) einem Pyruvat, ausgewahlt aus der 
Gruppe Brenztraubensaure, pharmazeu- 
tisch akzeptable Salze der Brenztrauben- 
saure und Mischungen hiervon, und 

(b) einem Antioxidationsmittel, und 

(C) Vermischen der ersten Wundheilungskom- 
ponente aus Stufe (A) mit der zweiten Wund- 
heilungskomponente aus Stufe (B) zur 
Gewinnung der Arzneimittelzubereitung fOr die 
Wundheilung. 

20. Verfahren zur Kbnservierung von Saugetierzellen in 
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einem Kulturmedium in folgenden Stufen: 

(A) Berertstellen eines therapeutischen Mittels, 
ausgewahlt aus der aus 

5 

(a) einem Pyruvate ausgewdhrt aus der 
Gruppe Brenztraubensdure, pharmazeu- 
tisch akzeptabie Salze der Brenztrauben- 
sdure und Mischungen hiervon; 

10 

(b) einem Antioxidationsmittel und 

(c) einem Gemisch gesdttigter und unge- 
sdttigter Fettsduren, wobei es sich bei den 
Fettsduren urn die fur die Wiederbelebung is 
geschadigter bzw. verletzter Saugetierzel- 

len erforderlichen Fettsduren handelt; 

bestehenden Gruppe; 

20 

(B) Berertstellen von Sdugetierzellen in einem 
Kulturmedium, und 

(C) Kontaktieren des therapeutischen Mittels 
aus Stufe (A) mit den Sdugetierzellen in dem 2s 
Kulturmedium aus Stufe (B). 

21. Therapeutische Arzneimittelzubereitung zur Ver- 
hinderung und Verminderung einer Schddigung 
bzw. Verletzung von Sdugetierzellen und zur Stei- 30 
gerung der Wiederbelebungsgeschwindigkett bzw. 
•rate geschadigter bzw. verletzter Sdugetierzellen, 
umfassend 

(A) eine therapeutisch wirksame Menge eines 35 
therapeutischen Mittels nach einem der 
AnsprQche 1 bis 9 und 

(B) einen pharmazeutisch akzeptablen Trdger. 

40 

22. Arzneimittelzubereitung nach Anspruch 21, wobei 
der pharmazeutisch akzeptabie Trdger aus einem 
pharmazeutischen Gerdt besteht. 

23. Arzneimittelzubereitung nach Anspruch 21 , wobei 45 
der pharmazeutisch akzeptabie Trdger aus einem 
topischen Trdger besteht. 

24. Arzneimittelzubereitung nach Anspruch 21, wobei 
der pharmazeutisch akzeptabie Trdger aus einem so 
einnehmbaren Trdger besteht. 

25. Verfahren zur Gewinnung einer therapeutischen 
Arzneimittelzubereitung zur Verhinderung und Ver- 
minderung einer Schadigung bzw. Verletzung von 55 
Sdugetierzellen und zur Steigerung der Wiederbe- 
lebungsgeschwindigkett bzw. -rate von geschddig- 
ten bzw. verletzten Sdugetierzellen in folgenden 
Stufen: 
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(A) Berertstellen einer therapeutisch wirksa- 
men Menge eines therapeutischen Mittels 
nach einem der AnsprQche 1 bis 9; 

(B) Bereitstellen eines pharmazeutisch akzep- 
tablen Trdgers und 

(C) Vermischen des therapeutischen Mittels 
aus Stufe (A) mit dem pharmazeutisch akzep- 
tablen Trdger aus Stufe (B) zur Bildung einer 
therapeutischen Arzneimittelzubereitung. 

». Verfahren nach Anspruch 25 zur Gewinnung einer 
therapeutischen Arzneimittelzubereitung zur Ver- 
hinderung und Verminderung einer Schddigung 
bzw. Verletzung von Sdugetierzellen und zur Stei- 
gerung der Wiederbelebungsgeschwindigkert bzw. 
-rate von geschddigten bzw. verletzten Sdugetier- 
zellen in folgenden Stufen: 

(A) Berertstellen einer therapeutisch wirksa- 
men Menge eines therapeutischen Mittels, 
ausgewahlt aus der aus: 

(a) einem Pyruvat, ausgewahlt aus der 
Grippe Brenztraubensdure, pharmazeu- 
tisch akzeptabie Salze der Brenztrauben- 
sdure und Mischungen hiervon; 

(b) einem Antioxidationsmittel und 

(c) einem Gemisch gesdttigter und unge- 
sdttigter Fettsduren, wobei es sich bei den 
Fettsduren urn zur Wiederbelebung von 
geschddigten bzw. verletzten Sdugetier- 
zellen erforderliche Fettsduren handelt; 

bestehenden Gruppe; 

(B) Bereitstellen eines pharmazeutisch akzep- 
tablen Trdgers und 

(C) Vermischen des therapeutischen Mittels 
aus Stufe (A) mit dem pharmazeutisch akzep- 
tablen Trdger aus Stufe (B) zur Bildung einer 
therapeutischen Arzneimittelzuberertung. 

Revendlcations 

1. Une composition therapeutique pour la prevention 
et la Patt6nuation des lesions des cellules de mam- 
mif&res et ('augmentation de la vitesse en regene- 
ration des cellules de mammrteres lesees qui 
comprend : 

(a) un pyruvate seiectionne dans le groupe 
consistant en acide pyruvique, les sels phar- 
maceutiquement acceptables de Pacide pyruvi- 
que et les melanges en derivant; 
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(b) un antioxydant; et 11. Une composition pharmaceutique complete pre- 

(c) un melange d'addes gras satures et insatu- sentant une capacity ameiioree a prevenir et atte- 
r £ S J nuer les lesions des cellules de mammiferes qui 

comprend : 

2. La composition selon la revendication 1, dans s 

laquelle les cellules de mammiferes comprennent (A) une composition therapeutique selon i'une 

des monocytes ou keratinocytes epidermiques. quelconque des revendications 1 a 9 ; 

(B) un medicament utile pour le traitement des 

3. La composition selon la revendication 1 ou 2, dans cellules de mammiferes I6s6es. 
laquelle le pyruvate est seiectionne dans le groupe 10 

consistant en adde pyruvique, pyruvate de lithium, 12. La composition pharmaceutique complete selon la 
pyruvate de sodium, pyruvate de potassium, pyru- revendication 11, dans laquelle le medicament est 

vate de magnesium, pyruvate de calcium, pyruvate seiectionne parmi les anti-inf lammatoires, anti-bac- 

de zinc, pyruvate de manganese et leurs melanges. teriens, antiseptiques, les medicaments soulageant 

is les brQIures, les medicaments pour le traitement 

4. La composition selon la revendication 3, dans des brulures dues au soleil, les preparations traitant 
laquelle le pyruvate est le pyruvate de sodium. i'acne, les medicaments pour le traitement des 

piqures et des morsures d'insectes, les agents 

5. La composition selon les revendications 1 a 4, dans lavant les blessures et les pansements pour blessu- 
laquelle I'antioxydant est seiectionne dans le 20 res les medicaments pour les traumatismes, les 
groupe consistant en retinol, 3,4-didehydroretinol, medicaments utilises pour les maladies auto-immu- 
alpha-carotene, beta-carotene, gamma-carotene, nes, les medicaments traitant I'arthrite, les medica- 
delta-carotene, acide ascorbique, alpha-tocophe- ments utilises pour les ulceres et les medicaments 
rol, b6ta-tocopherol, gamma-tocopherol, delta- utilises pour le cancer. 

tocopherol et les melanges en derivant. 25 

13. Une composition pharmaceutique cytoprotectrice 

6. La composition selon la revendication 5, dans pour la prevention et I'attenuation des lesions des 
laquelle I'antioxydant est l'alpha-tocoph6rol. cellules de mammiferes dues a un medicament 

presentant des proprietes cytotoxiques qui com- 

7. La composition selon les revendications 1 a 6, dans 30 prend : 
laquelle le melange d'acides gras satures et insatu- 

res comprend I'acide laurique, acide myristique, (A) une composition therapeutique selon Tune 

acide myristoieique, acide pentadecanoTque, acide quelconque des revendications 1 a 9 ; et 

palmitique, acide palmrtoieique, acide margarique, (B) un medicament presentant des proprietes 

acide margaroieique, acide steartque, acide ol6i- 35 cytotoxiques. 
que, adde linoieique, acide linoienique, acide ara- 

chidique et adde gaddoieique. 14. Une composition pharmaceutique cytoprotectrice 

selon la revendication 13, dans laquelle le medica- 

8. La composition selon la revendication 7, dans merit presentant des proprietes cytotoxiques est 
laquelle le melange d'acides gras satures et insatu- to seiectionne dans le groupe consistant en agents 
res comprend les acides gras humains, de poulet, reduisant la cohesion des cellules 6pitheiiales, 
de veau, de mouton, de cheval, de pore et de abrasifs dermatologiques, anti-inf lammatoires, 
baleine. agents de regulation lipidique, anticholinesterases 

a action centrale, medicaments chimiotherapeuti- 

9. La composition selon les revendications 1 a 8, dans 45 ques et irritants gastriques. 
laquelle chacun des composants pyruvate, antioxy- 

dants et addes gras sont presents dans la compo- 15. La composition pharmaceutique cytoprotectrice 
sition therapeutique en une quantite qui est selon la revendication 14, dans laquelle Iem6dica- 

d'environ 10 a environ 50 % par rapport au poids de ment presentant des proprietes cytotoxiques est 

la composition therapeutique. so seiectionne dans le groupe consistant en gemfibro- 

zil, lovastatine, tacrine et doxorubicine. 

10. Un procede de preparation d'une composition the- 
rapeutique pour la prevention et ('attenuation des 16. Une composition pharmaceutique pour la dcatrisa- 
lesions des cellules de mammiferes et i'augmenta- tion des blessures pour augmenter la vrtesse en 
tion de la vitesse en regeneration des cellules de 55 regeneration des cellules de mammiferes lesees 
mammiferes lesees qui comprend les Stapes d qui comprend : 

melange des ingredients selon I'une quelconque 

des revendications precedentes. (A) un premier composant cicatrisant compre- 

nant un melange d'acides gras satures et insa- 
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tur6s ; et 

(B) un second composant cicatrisant consis- 
tant en : 

(a) pyruvate seiectionne dans le groupe 5 
consistant en acide pyruvique, sel pharma- 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en derivant. et 

(b) un antioxydant. 

10 

1 7. Un proc6de de preparation d'une composition phar- 
maceutique complete prgsentant une capacity 
ameiioree & prevenir et attenuer les lesions des cel- 
lules de mammrferes qui comprend les etapes de : 

15 

(A) utilisation d'une composition therapeutique 
s6lectionn6e dans le groupe consistant en : 

(a) pyruvate seiectionne dans le groupe 
consistant en acide pyruvique, sel pharma- 20 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en derivant, 

(b) un antioxydant ; et 

(c) un melange cfacides gras satur6s et 
insatures ; 25 

(B) utilisation d'un medicament utile pour le 
traitement des cellules de mammiferes lesees ; 
et 

(C) melange de la composition therapeutique 30 
de retape (A) avec le medicament de retape 

(B) pour preparer la composition pharmaceutic 
que complete. 

1 8. Un proc6d6 de preparation d'une composition phar- 35 
maceutique cytoprotectrice pour prevenir et att6- 
nuer les lesions des cellules de mammiferes dues k 

un medicaments pr6sentant des propri6t6s cyto- 
toxiques qui comprend les etapes de : 

40 

(A) utilisation d'une composition therapeutique 
seiectionnee dans le groupe consistant en : 

(a) pyruvate seiectionne dans le groupe 
consistant en acide pyruvique, sel pharma- 45 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en derivarrt, 

(b) un antioxydant ; et 

(c) un melange d'acides gras satures et 
insatur6s ; so 

(B) utilisation d'un medicament preserrtant des 
proprietes cytotoxiques ; et 

(C) melange de la composition therapeutique 

de retape (A) avec le medicament de retape 55 
(B) pour preparer la composition pharmaceuti- 
que cytoprotectrice. 

1 9. Un procede de preparation d'une composition phar- 



maceutique cicatrisante pour augmenter la vrtesse 
en regeneration des cellules de mammrferes lesees 
qui comprend les etapes de : 

(A) utilisation d'une premier composant cicatri- 
sant comprenant un melange d'acides gras 
satures et insatures ; et 

(B) utilisation d'un second composant cicatri- 
sant consistant en : 

(a) pyruvate seiectionne dans le groupe 
consistant en acide pyruvique, sel pharma- 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en derivant, et 

(b) un antioxydant ; et 

(C) melange du premier composant cicatrisant 
de retape (A) avec le second composant cica- 
trisant de retape (B) pour preparer la composi- 
tion pharmaceutique cicatrisante. 

20. Un procede de conservation des cellules de mam- 
miter es dans un milieu de culture qui comprend les 
etapes de : 

(A) utilisation d'une composition therapeutique 
seiectionnee dans le groupe consistant en : 

(a) pyruvate seiectionne dans le groupe 
consistant en acide pyruvique, sel pharma- 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en derivant, 

(b) un antioxydant ; et 

(c) un melange d'acides gras satures et 
insatures dans lequel les ackjes gras sort 
les acides gras requis pour la regeneration 
des cellules de mamrniferes I6s6es ; 

(B) introduction de cellules de mammiferes 
dans un milieu de culture ; et 

(C) mise en contact de la composition thera- 
peutique de I'etape (A) avec les cellules de 
mammrferes pr6sentes dans le milieu de cul- 
ture provenant de retape (B). 

21. Une composition pharmaceutique therapeutique 
pour prevenir et attenuer les lesions des cellules de 
mammiferes et augmenter la vitesse en regenera- 
tion des cellules de mammiferes lesees, qui com- 
prend : 

(A) une quarttrte therapeutiquement efficace 
d'une composition therapeutique selon I'une 
quelconque des revendications 1 k 9; et 

(B) un support pharmaceutiquement accepta- 
ble. 

22. La composition pharmaceutique selon la revendi- 
cation 21, dans laquelle le support pharmaceuti- 
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quement acceptable est un systeme 
pharmaceutique. 

23. La composition pharmaceutique selon la revendi- 
cation 21, dans laquelle le support pharmaceuti- s 
quement acceptable est un vehicule topique. 

24. La composition pharmaceutique selon la revendi- 
cation 21, dans laquelle le support pharmaceuti- 
quement acceptable est un vehicule pouvant §tre 10 
ingere. 

25. Un proc6d6 de preparation d'une composition phar- 
maceutique therapeutique pour pr6venir et attenuer 
des lesions de cellules de mammiferes et I'aug- is 
mentation de la vitesse en regeneration des cellu- 
les de mammiferes I6s6esqui comprend les etapes 
de: 

(A) utilisation d'une quantite th6rapeutique- 20 
ment efficace d'une composition th6rapeutique 
selon Tune quelconque des revendications 1 & 

9; 

(B) utilisation d'un support pharmaceutique- 
ment acceptable ; et 25 

(C) melange de la composition therapeutique 
de retape (A) et du support pharmaceutique- 
ment acceptable de retape (B) pour former une 
composition pharmaceutique therapeutique. 

30 

26. Un procede selon la revendication 25 pour ia prepa- 
ration d'une composition pharmaceutique thera- 
peutique pour prevenir et attenuer des lesions des 
cellules de mammiferes et 1'augmentation de la 
vitesse en regeneration des cellules de mammife- 35 
res lesees qui comprend les etapes de : 

(A) utilisation d'une quantite th6rapeutique- 
ment efficace d'une composition therapeutique 
seiectionnee dans le groupe consistant en : 40 

(a) pyruvate s6lectionn6 dans le groupe 
consistant en acide pyruvique, sel pharma- 
ceutiquement acceptable de I'acide pyruvi- 
que et les melanges en d6rivant, 45 

(b) un antioxydant ; et 

(c) un melange d'acides gras satures et 
insatures dans lequel ies acides gras sont 
ceux requis pour la regeneration des cellu- 
les de mammiferes lesees; so 

(B) utilisation d'un support pharmaceutique- 
ment acceptable ; et 

(C) melange de la composition therapeutique 

de retape (A) et du support pharmaceutique- 55 
ment acceptable de retape (B) pour former une 
composition pharmaceutique therapeutique. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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